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Abstract 
Shared space is a design approach that aims to reduce the dominance of motor vehicles by 
encouraging drivers to behave more accommodatingly towards pedestrians. The primary 
objectives of shared space in the UK are to improve pedestrian accessibility and safety. 
Despite its acknowledged advantages, research into the effects of shared space on vehicles 
and pedestrians remains limited. This research represents a unique opportunity to assess the 
impact of shared space by examining people's attitudes and behaviour before and after several 
shared space implementations. 
Factors that influence vehicle yielding and pedestrian gap acceptance behaviour were 
investigated at three case study sites in London and Bath. Predictive models for examining 
yielding and gap acceptance behaviour using logistic regression were developed. These 
models are a function of driver and vehicle attributes including gender and type of vehicle, 
pedestrian characteristics including assertiveness and age, and traffic conditions including the 
size of the gap between vehicles.  
The results suggest that drivers are statistically seven times more likely to yield to assertive 
pedestrians, and the presence of pedestrians in the roadway and the numbers of pedestrians 
waiting to cross both have a positive effect on yielding behaviour. Gap acceptance analysis 
indicated that pedestrians are statistically three times as likely to accept a gap between 
vehicles if there are other pedestrians already present in the roadway, and that female 
pedestrians are statistically 50% less likely to accept a gap than male pedestrians.  
Despite several statistically significant predictor variables, regression coefficients indicate 
that only around 30% of the variance in yielding behaviour and around 50% of the variance in 
gap acceptance behaviour can be explained by the models. This suggests that there are other 
unobservable variables that influence the behaviour of pedestrian and vehicles in shared space 
schemes. 
In order to further understand pedestrian and vehicle behaviour, road users were surveyed 
before and after a shared space implementation in Newcastle upon Tyne. 
Attitudes towards the shared space scheme were assessed through a survey of 500 road users 
before and 500 after the development. Attitudes were measured according to 29 items using 
an attitudinal scale. Statistically significant differences at the 95% level of confidence were 
recorded in how respondents perceive the accessibility of the environment, with improved 
perceptions after the development. Survey findings also show that perceptions of the negative 
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consequences of vehicle traffic have been reduced after the development and the ambience of 
the street environment has improved.  
The angle and speed of crossing movements were recorded to analyse the effect of the 
development of the street on pedestrian crossing behaviour. There were some interesting 
findings, with pedestrians crossing on statistically significantly wider angles after the 
development, but no statistically significant differences in observations of pedestrian crossing 
speed.  
A sociability index was calculated to compare the number of people using the space in 
couples or groups to the number of people using the space on their own. No differences in 
sociability were found before and after the development, with an equal proportion of 
pedestrians observed using the street in couples or groups and on their own. 
Finally, to assess the effectiveness of the traffic calming measures, vehicle speed and volume 
were recorded before and after the development. There were statistically significant 
differences in vehicle speed, with mean average speeds decreasing by 13% after the shared 
space development and 85
th
 percentile speeds decreasing by 19%. Vehicle volume also 
decreased after the development, with a reduction of 30%. 
The development was found to have been largely successful, with the introduction of shared 
space and reductions in vehicle flow and speed either having positive or neutral effects on 
pedestrian activity. This has positive implications for mixed-use local high streets, and 
suggests that shared space schemes can play a part in reversing the decline of such areas. 
In summary, this PhD research has demonstrated that shared spaces can help to nullify some 
of the negative effects of vehicle traffic, encourage cooperative behaviour between motorists 
and pedestrians and moderate the movement functions of mixed-use high streets.  
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Chapter 1: Introduction 
1.1 The Context for Shared Space 
The need for shared space schemes can be ascribed to the British Road Traffic Acts of the 
1930's, which gave priority to vehicles over other road users (Desyllas, 2006). This 
philosophy led to the segregation of vehicle and pedestrian movement, with pedestrians 
consigned to subways and overhead walkways, and vehicle movement facilitated by a 
network of arterial roads. Though this approach helped to accommodate the increasing vehicle 
numbers, it was not able to completely segregate traffic and pedestrians, and no solution was 
provided as how to safely incorporate pedestrian crossing movements into busy roadways. 
The development of shared space can be seen as a direct response to the principle of 
segregation, with reduced vehicle speeds and lowered demarcation between the roadway and 
footway improving the relationship between vehicles and pedestrians, and creating safer road 
environments.   
1.2 The Origin of Shared Space 
The origin of shared space design can be traced back to the environmental areas advocated by 
Buchanan (1963) in Traffic in Towns. Traffic in Towns was published in response to the rapid, 
post-war growth in car ownership and a road network, inherited from the pre-motor era that 
was unsuitable for this increase in vehicle usage. Many urban streets were too narrow for the 
number of vehicles seeking to use them. This had consequences for both pedestrians and 
motorists. Motorists were subjected to increased congestion and inefficiency, and pedestrians 
were exposed to negative experiences ranging from accidents, anxiety and intimidation by 
large vehicles to noise, fumes and vibration (Buchanan, 1963).  
One of the key issues discussed in Traffic in Towns is the conflict between the different 
problems faced by motorists and pedestrians in urban areas. Reducing vehicle traffic can 
improve conditions for pedestrians, but is likely to limit accessibility for motorists. Large-
scale traffic management, a relatively new concept in the 1960s was seen as a way round this 
problem. It involved signalised infrastructure, tighter controls of parking and controlling 
pedestrian movement. Though traffic management improved vehicle movement, Buchanan 
argued that it increased vehicle speeds and introduced traffic into streets which may not be 
suitable for it.  
Buchanan’s theory for accommodating motor traffic in urban areas involved the creation of 
environmental areas in which people live and work and can move freely, safe from the effects 
2 
 
of heavy motor traffic. These environmental areas are linked together by a network of 
distributing highways. Buchanan did not envisage these environmental areas as being 
completely free of vehicle traffic, in fact in busy areas they may accommodate large volumes 
of traffic, but crucially there was no through traffic.  
Buchanan argued that though absolute safety for pedestrians can only be achieved by 
completely segregating motorised and pedestrian traffic, if vehicle speed and flow on a street 
can be sufficiently reduced there may come a point where the risks to pedestrians are 
acceptable. This idea was instrumental in the development of the Woonerf concept in the 
Netherlands. The term Woonerf was coined in 1965 by Niek de Boer and generally translates 
as 'residential yard' (Nio, 2010). The first implementation of a Woonerf was in the city of 
Delft in the late 1960's. Road signs, markings, kerbs and barriers were removed to allow the 
integration of vehicular traffic into social residential space (Karndachuruk et al., 2014). 
Buchanan’s environmental areas theory was incorporated into the Woonerf concept to allow 
pedestrians and vehicles to coexist to an acceptable degree of safety, within a shared surface 
(Clayden et al., 2006). The Delft Woonerf implementation was successful, and by 1976 
Woonerfs had been recognised by the Netherlands government with legal status and formal 
traffic regulations (Karndachuruk et al., 2014). The design and operational characteristics of 
Woonerfs are as follows: 
 pedestrians have priority to use the full width of the road, whilst drivers are advised 
not to drive faster than walking speeds; 
 there are low levels of demarcation between the footway and roadway; 
 through vehicle traffic is discouraged; 
 there are streetscape elements to encourage users to stay within the space; and 
 the access points to the Woonerf are clearly marked.  
 
These characteristics began to influence residential street design in neighbouring countries 
such as Denmark where ‘Rest and Play Areas’ were introduced. In these areas there is no 
demarcation between footways and carriageways, vehicles are required to give way to 
pedestrians and are not permitted to travel over 15 km/h (Karndacharuk et al., 2014).  
1.3 The Implementation of Shared Space in the UK 
Buchanan’s environmental areas concept was interpreted differently in the UK, compared to 
the Netherlands, as demonstrated by the 1966 design manual Roads in Urban Areas (Ministry 
of Transport, 1966, p.20), which declared that “Traffic segregation should be the keynote of 
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modern road design and should be arranged to reduce the conflict between motor vehicles and 
pedestrians and pedal cyclists”. Road design became characterised by the creation of systems 
of pedestrian footpaths entirely separate from vehicular traffic (Schaffer, 1982). Urban areas 
where decks, bridges and subways were used to segregate vehicle and pedestrian movements, 
have suffered from social problems due to the severance and isolation these features created. 
Many have now been demolished, and the associated areas, extensively regenerated (Clayden 
et al., 2006).  
 
The main issue with applying Buchanan’s environmental areas concept to the British traffic 
environment was that it did not offer any practical solutions to how existing urban streets with 
high traffic flows can be adapted to safely incorporate pedestrian traffic (Karndacharuk et al., 
2014).  
The first steps towards pedestrian and vehicle integration were seen in Residential Roads and 
Footpaths (Department of Environment and Department of Transport, 1977). This report 
suggested that it may be possible in some cul-de-sacs for pedestrians and drivers to gain 
access to buildings from a shared demarcated surface. This led to the development of "home 
zones", residential areas in which the road space is shared by all users. The objectives of 
home zones are to integrate traffic into social spaces, enhancing liveability and environmental 
quality (Karndachuruk et al., 2014). As discussed in Clayden et al. (2006) home zones are 
intended to create safer environments for vulnerable road users, through physical measures 
such as bollards and parking spaces that can reduce vehicle speeds. This can enable higher 
rates of social interaction and encourage residents to take a greater sense of pride in their 
neighbourhoods. 
Recently there has been a shift towards introducing some of the characteristics of home zones 
into busier urban environments in the UK. This is part of a movement towards recognising 
streets as destinations, rather than as just passages for through traffic.  
1.4 Movement versus Place Functions 
Local Transport Note 1/11: Shared Space (Department for Transport, 2011) highlighted the 
balance of movement and place functions that streets serve, and the role shared space can 
have in improving a street’s sense of place, whilst maintaining its movement function.  
 
4 
 
Manual for Streets (Department for Transport, 2007) proposed introducing pedestrian 
movement into busier traffic environments, suggesting that this could have the following 
advantages: 
 increasing the mode share of sustainable travel; 
 improving both personal and road safety by increasing the number of pedestrians on 
the streets; 
 increasing social interactions by improving the public realm; and 
 improving the quality of the built environment. 
Manual for Streets (Department for Transport, 2007) argued that streets should no longer be 
designed based on the assumption that the place function is of secondary importance to the 
movement function. Neither function should be considered independently of the other, even in 
streets carrying heavy volumes of traffic, such as high streets.  
Jones et al. (2007a.) argued that streets should be classified based on both their 'link' and 
'place' functions. This classification balances the role of a street as a place - a destination 
where people spend time taking part in activities, as well as its more typical function as a link 
- designed for users to pass through quickly and conveniently.  
Jones et al. (2007a.) suggested that the conflict between link and place functions can be 
epitomised by the competition for space within a street, and by the compatibility constraints 
of different road users trying to coexist in the same environment. 
Shared spaces represent a road category that can incorporate both link and place functions, 
and offer a solution to the conflict between the two. Shared space schemes can reduce the 
competition for space within a road environment as all road users are encouraged to legally 
occupy and share the street, with little physical segregation (Karndachuruk et al., 2013). 
Shared spaces can also lessen the compatibility constraints of streets; with the presence of 
people within a space acting as a ‘mental speed bump’, encouraging drivers to slow down and 
drive more carefully (Engwicht, 2005). Reductions in vehicle speeds can improve the public's 
perception of safety (Garrard, 2008), and allow road users to coexist comfortably within the 
road space.  
1.5 Research Problem 
The evaluation of movement and place functions outlined in the previous section highlights 
the wide and ranging purposes of shared space schemes, and therefore a complete study of 
shared space should consider all of these purposes. The most extensive study of shared space 
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in the literature is Karndachuruk et al.’s (2013) before-after case study of three shared space 
sites in Auckland, New Zealand. Pedestrian experience improved and vehicle dominance was 
reduced at the sites, but the study was limited by its omission of attitudinal research. 
Karndachuruk et al. (2013) acknowledged that examining the full effect of vehicle speed and 
volume reductions on pedestrian performance in shared space sites would require perception 
surveys. Therefore, this thesis designed and implemented a study which used both attitudinal 
and observational research, to comprehensively assess the performance of a shared space 
implementation. 
1.6 Global Aim and Objectives 
The global aim of this thesis was to identify and establish the main physical parameters that 
govern the vehicle-pedestrian interaction in shared space, and examine the effect on the 
attitudes and behaviour of road users.  
Four objectives were formulated to achieve this global aim:  
 To explore the literature and carry out exploratory studies of contrasting shared space 
schemes; 
 To identify the characteristics of shared space design that can reduce vehicle 
dominance; 
 To assess the effect of a shared space implementation on attitudes and behaviour 
using before and after surveys; and 
 To establish the performance of shared space, with regards to place and movement 
functions. 
1.7 Research Contributions 
This thesis makes the following contributions towards shared space research: 
 A consolidated literature review on shared space performance measures that 
determines the knowledge gap, and justifies the research carried out in the thesis; 
 The development of yielding and gap acceptance logistic models that highlight the 
influence of non-observable variables on shared space performance; 
 The design of a range of direct observation and questionnaire survey methods to 
comprehensively assess the performance of shared space implementations; and 
 An appraisal of the function of shared space implementations in mixed-use high 
streets, from the vehicle-pedestrian interaction and attitudes perspective. 
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1.8 Thesis Structure 
This thesis contains ten chapters which detail the steps taken to achieve the aim in section 1.6. 
Chapter 1 provides an introduction to the concept of shared space, detailing its origin and 
implementation in the UK. It considers the movement and place functions shared spaces can 
fill, and puts forward the research problem. The research aims and objectives are presented, as 
well as the main contributions and thesis structure.  
Chapter 2 examines the claims made for shared space schemes and the measures used to 
evaluate the performance of shared space implementations. The weaknesses in these 
performance measures are discussed, and relevant conflict indicators are detailed. The 
literature on shared space schemes is critically reviewed, and the effect of road traffic on 
quality of life is considered. This review reveals that shared space research has been limited 
by the exclusion of comprehensive before-after case studies. 
Chapter 3 describes the characteristics of four shared space sites in London, Bath and 
Newcastle upon Tyne and the methodology used to analyse pedestrian-vehicle interactions. 
The methodology used to measure vehicle speed and post-encroachment time is presented, 
and the statistical tests used to analyse this data are outlined. Finally, the methodology used to 
analyse vehicle yielding and pedestrian gap acceptance behaviour is discussed.  
Chapter 4 examines the behavioural parameters that characterise pedestrian-vehicle 
interactions in urban road environments. The analyses of the research outlined in Chapter 3 
are presented. Vehicle speed is recorded in several shared space sites. In order to test whether 
there is a link between vehicle speed and pedestrian behaviour, post-encroachment time (PET) 
is measured. A deeper understanding of pedestrian-vehicle interactions in shared space 
environments is achieved by examining the vehicle yielding and pedestrian gap acceptance 
behaviour, and predictive models are developed using logistic regression.  
Chapter 5 describes the methodology used to analyse attitudes and behaviour before and 
after a shared space implementation. The development of Acorn Road into a traffic calmed 
street with elements of shared space is outlined. The attitudinal research is reviewed, 
including the sampling methodology and the factor analyses carried out before and after the 
development. In addition, the methods of comparing the before and after survey data are 
explained. The observational research used in Acorn Road is reviewed, including the analysis 
of pedestrian crossing behaviour and vehicle yielding behaviour. The statistical tests used to 
measure changes in crossing behaviour are outlined. 
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Chapter 6 focuses on attitudes and behaviour in Acorn Road prior to its development. The 
results of the attitudinal and observational research are presented, including the findings of the 
direct observation of pedestrian crossing behaviour and the questionnaire survey. The 
implications of these findings for the development of Acorn Road are discussed.  
Chapter 7 examines behaviour and attitudes in Acorn Road after its development. The results 
of the attitudinal survey carried out after the development are presented along with the 
findings of the analysis of pedestrian crossing behaviour. The key attitudinal and behavioural 
findings after the development of Acorn Road are summarised, and their implications for the 
design of shared space are discussed. 
Chapter 8 assesses the actual changes in attitudes and behaviour before and after the 
development of Acorn Road. The observational and attitudinal findings presented in Chapter 
6 and Chapter 7 are compared using a range of statistical tests, and the impact of the 
development on driver behaviour is assessed by recording vehicle speed and volume and 
vehicle yielding behaviour before and after the development.  
Chapter 9 makes the association between the modelling of pedestrian-vehicle interactions, 
and the attitudinal and behavioural research conducted in Acorn Road. It discusses the 
implications of these findings for research into shared space, and considers their relevance for 
mixed-use high streets. 
Chapter 10 is the final chapter of this thesis and summarises the research findings. The 
contribution of the thesis to shared space research is summarised. Finally, future work 
resulting from the limitations of the research is suggested and discussed. 
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Chapter 2: Literature Review 
2.1 Introduction 
The aim of this chapter is to critically analyse shared space performance measures and their 
implementation in studies of shared space in the UK and worldwide. By examining the 
strengths and limitations of existing studies, this chapter builds the case for the original 
research carried out in this PhD project. 
The chapter begins with an introduction to the concept of shared space. Section 2.3 and 2.4 
examine the claims made for and against shared space schemes. Measures of shared space 
performance are discussed in section 2.5. Section 2.6 critically reviews several shared space 
studies, including attitudinal and crossing behaviour studies and a before-after scheme. 
Section 2.7 examines the effect of road traffic on quality of life, and the chapter finishes with 
a conclusion on the knowledge gap in shared space research which is addressed by this PhD. 
2.2 What is Shared Space? 
Shared space is a design approach that aims to reduce the dominance of motor vehicles by 
encouraging drivers to behave more accommodatingly towards pedestrians (Department for 
Transport, 2011). As described in Local Transport Note 1/11: Shared Space (Department for 
Transport, 2011), there is no definitive shared space design, and different studies have taken 
different approaches to defining the concept. Manual for Streets (Department for Transport, 
2007) advised that whilst in traditional street layouts, footways and carriageways are 
separated by a kerb, in shared spaces this kerb is absent and pedestrians and vehicles share the 
road space.  
MVA Consultancy (2010) proposed a ‘shared space rating’ based on a set of observable 
characteristics. Low levels of contrast in colour between the surface of the roadway and the 
surface of the footway and the absence of kerbs, traffic lights, designated pedestrian crossings, 
street lamps, road markings, bollards and guardrails were taken to be indicative of a more 
shared environment.  
As described by Karndacharuk et al. (2014), without the vertical elevation provided by the 
kerb, and without the material contrast between the footway and roadway, the road surface in 
shared space schemes acts as a visual cue for all road users to cooperate with each other. 
Shared spaces often feature de-cluttered environments with minimal signs and road markings. 
As well as the aesthetic benefits of de-cluttering, it has been suggested that removing traffic 
signs and road markings can encourage greater caution, and hence safer behaviour. 
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In order to illustrate the difference between a shared and non-shared road space, two photos 
are presented. 
Figure 2.1 - A typical non-shared road space 
 
Figure 2.1 shows a typical non-shared road space, illustrating a narrow section of pavement 
next to the A47. There is a clear demarcation between the vehicle and pedestrian space, with a 
contrast in colour between the surface of the roadway and footway, and a pedestrian guardrail 
to further differentiate between the two areas. Also, there are raised kerbs, road markings, 
traffic lights and a designated pedestrian crossing to segregate vehicle and pedestrian 
movement. 
Figure 2.2 - A typical shared road space 
 
In contrast, Figure 2.2 shows a typical shared road space, known as the the Mariahilferstraße 
shared space street in Vienna, Austria. This can be juxtaposed against the typical non-shared 
road space (Figure 1). There is a distinctly lower level of demarcation between the vehicle 
and pedestrian space; with the border of the roadway having a contrasting surface colour only. 
Source: Push Bikes (2016) 
Source: TREC (2015) 
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The surface is level; with no raised kerbs or pedestrian guardrails to differentiate between the 
roadway and the footway, and there are no road markings, traffic lights or pedestrian 
crossings to segregate vehicle and pedestrian movement. 
Though Figure 1.2 represents a typical shared space design, sharing behaviour between road 
users is not limited to such environments. Indeed, as discussed by Hamilton-Baillie (2008a.), 
there are numerous car parks, camp sites and rural lanes in the UK where sharing conditions 
prevail. These non-infrastructure shared space schemes all have vehicle travel at low speeds, 
with the anticipation of interaction with pedestrians as common features, which highlights the 
disadvantage of defining shared spaces based purely on their physical characteristics. 
Shared spaces can be found in both link and junction contexts. In order to illustrate the 
differences between link and junction shared spaces and describe how these differences may 
affect the behaviour of road users, two shared space schemes are shown below. Figure 2.3 
shows the Seven Dials shared space scheme in Covent Garden, London, an example of a 
shared space junction. The scheme is a seven-armed roundabout, with a monument in the 
centre where pedestrians can sit. The layout of the roundabout, with vehicles entering and 
exiting at different locations, and pedestrians crossing in multiple directions creates a complex 
environment, with a low 85
th
 percentile vehicle speed of 9.15 mph (Table 3.5).   
Figure 2.3 - Seven Dials shared space scheme 
 
By contrast, Figure 2.4 shows Exhibition Road in London, an example of a link shared space 
scheme. Vehicle flow is in a straight line, uninterrupted by other vehicle traffic as in Seven 
Source: Pinterest (2017) 
11 
 
Dials. This creates a less complex road environment with higher vehicle speeds, with an 85
th
 
percentile vehicle speed of 26.2 mph (MVA Consultancy, 2012).  
Figure 2.4 - Exhibition Road shared space scheme 
 
Exhibition Road and Seven Dials are used differently by pedestrians, further illustrating the 
difficulty in characterising shared spaces based on their physical characteristics. Seven Dials 
has greater demarcation between the roadway and footway than Exhibition Road, with a low 
contrast in colour, double yellow lines and bollards to differentiate between the two areas 
(Figure 2.3). Exhibition Road has no colour contrast or road markings, with only tactile 
paving and bollards to distinguish between the roadway and footway (Figure 2.4). Based 
purely on physical characteristics Exhibition Road represents more of a 'shared' road 
environment than Seven Dials, with less demarcation. However, pedestrian use of the space is 
different in the two sites. In Seven Dials, pedestrians use more of the road space, crossing 
between the seven arms and the monument in the centre of the roundabout. In Exhibition 
Road, pedestrians movement is predominantly restricted to the footway, with vehicles 
dominating the roadway. This suggests that despite low levels of demarcation, pedestrians 
feel less comfortable sharing the road with vehicles in Exhibition Road than in Seven Dials. 
This may be linked to the traffic characteristics of the two sites. As discussed, 85
th
 percentile 
vehicle speeds are considerably lower in Seven Dials than in Exhibition Road, and vehicle 
flow is also lower in Exhibition Road. The vehicle flow in Seven Dials was 276 per hour 
(Table 3.5), less than half the flow in Exhibition Road of 570 vehicle per hour (MVA 
Source: As Easy As Riding A Bike (2017) 
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Consultancy). The higher traffic flow and speed in Exhibition Road, combined with the link 
function of the site, with a two-way flow of vehicles moving in a straight line creates a 
intimidating environment for pedestrians, characteristic of a non-shared road space, and 
subsequently pedestrians are discouraged from using the roadway.   
Local Transport Note 1/11: Shared Space (Department for Transport, 2011) took an 
aspirational approach to describing shared space, defining it as “A street or place designed to 
improve pedestrian movement and comfort by reducing the dominance of motor vehicles and 
enabling all users to share the space, rather than follow the clearly defined rules implied by 
more conventional designs.”  
Local Transport Note 1/11: Shared Space defined sharing as the ability and willingness of 
pedestrians to use the parts of a road that are traditionally the preserve of motor vehicles. 
Sharing may be enabled by building features into the street that are designed to reduce vehicle 
speed, by removing vehicle priority over pedestrians, reducing demarcations between 
pedestrian and vehicle areas and improving the public realm to increase pedestrian usage. The 
level of sharing in a street can be measured using tangible indicators such as the number of 
pedestrians using the carriageway, the level of social interaction in the space, the amount of 
time people spend in the street, vehicle yielding behaviour and pedestrian crossing behaviour.  
Effective shared spaces should generate uncertainty over who has right of way, encouraging 
road users to behave in a civilised manner (Adams, 2008). The concept builds on the theory of 
risk compensation which refers to the tendency of people to adjust their behaviour to 
perceived levels of risk, behaving more cautiously the greater the level of risk they perceive 
(Adams, 1995). The presence of people in the street and the absence of signs alerting 
motorists to this can increase driver’s perception of risk, encouraging vehicles to slow down 
and drive more carefully, improving road safety. 
2.3 Claims made for Shared Space  
Recent research has suggested that shared spaces are more efficient than heavily managed 
road spaces. Firth (2011) conducted a four week trial of a junction in Bristol that had been 
converted into a shared space scheme after a traffic light failure had appeared to reduce 
congestion and delays. Immediately after the lights were switched off there was a reduction in 
vehicle delay and congestion of 50%, and a subsequent increase in traffic demand through the 
junction of 20%. Pedestrian delay also was improved, with maximum crossing times 
decreasing by 20%. A further trial into an additional traffic light switch-off in Bristol found 
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that despite an increase in pedestrian and vehicle demand, vehicle queues and delays reduced 
by up to 30% and pedestrian crossing times decreased by a similar percentage.  
Much of the research conducted on shared space has focused on statistics regarding accident 
frequencies and severity. Smallingerland Municipality (2007) examined the Laweiplein 
roundabout in the Dutch town of Drachten, which was converted into a shared space scheme 
in 2001. They found that the number of injury accidents at the roundabout decreased from 
four in the three years preceding the conversion, to two accidents in the three years following. 
The number of damage only accidents also halved, from 23 to 11.   
Cheshire East Council Highways (2014) presented accident data from Park Lane in Poynton, 
Cheshire which was converted from a segregated high street with raised kerbs and clear 
demarcation between the footway and roadway, into a level, shared surface scheme in 2012. 
Three slight injury accidents were recorded in the two and a half years preceding the 
conversion, compared to eight slight injury accidents in the following two and a half years. 
This finding is inconsistent with the Smallingerland Municipality (2007) study, and suggests 
that the implementation of a shared space scheme in Poynton may have actually reduced road 
safety. However, although there was a spike in accidents immediately after the shared space 
conversion in 2012, with four in the first nine months, the accident rate decreased after this, 
with three in the next twelve months and only one accident in the last nine months. This 
suggests that road users may have taken time to familiarise themselves with the new layout on 
Park Lane, leading to an increased accident rate, which decreased as users adjusted to the 
layout. 
The findings also highlight some of the inconsistencies involved in using accident frequencies 
and statistics to measure transport safety. As discussed by Archer (2004) a lot of accident data 
needs to be recorded before any reliable conclusions can be drawn on the safety of a particular 
road, and any necessary safety improvements made. This makes it difficult to assess the 
impact of new shared space schemes using short-term studies that are of a before-after nature. 
The Smallingerland Municipality (2007) and Cheshire East Council Highways (2014) before-
after studies involved small amounts of data: 40 accidents were recorded in six years in 
Drachten and 11 in five years in Poynton. The size of these samples makes it difficult to 
determine the relative safety of each site. 
2.4 Claims made against Shared Space 
Contrary to the claims made for the safety and efficiency benefits of shared space design, 
concerns have been voiced regarding the safety of shared space for visually-impaired people. 
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A survey commissioned by The Guide Dogs for the Blind Association, UK found that 91% of 
blind or partially sighted people had some concerns with using shared space streets (Joyce, 
2012). These concerns were centred on the injury risk from vehicles due to not being able to 
identify the different parts of the street, the difficulty in navigating through the street due to 
the absence of kerbs, the lack of confidence in driver behaviour and the lack of clearly defined 
'comfort space' free from vehicle traffic.  
Kerbs, building edges, signposts and pedestrian crossings all help visually-impaired people 
navigate their way through a street, and the absence of these features in shared space schemes 
has been described as "disabling by design" (Imrie, 2012, p. 2273). The unpredictable 
movement and close proximity of vehicle and cyclist traffic can be uncomfortable for 
visually-impaired people (Havik et al., 2012), and these negative experiences have been 
severe enough to prevent some visually-impaired people from returning to shared space 
schemes (Imrie, 2012).  
Measures such as tactile paving and colour contrasting can be used to improve the inclusivity 
of shared space design and help visually-impaired people delineate between the roadway and 
footway. As discussed by Havik et al. (2012), tactile markings around crossing locations are 
vital for visually-impaired people as they mark the beginning and the end of the crossing, and 
also guide them towards the crossing. Despite this, in a study of ten shared space schemes in 
the Netherlands, Havik et al. (2012) found that only two schemes had tactile separation 
between the roadway and footway. 
In addition to tactile paving, 'comfort space' can improve the accessibility of shared space for 
visually-impaired people. A comfort space is an area adjacent to the building line, where the 
footway would be in a conventional street, which is inaccessible for vehicle traffic. Comfort 
spaces were incorporated into the design of the shared space implementation in Exhibition 
Road, London as a direct response to concerns raised by the Guide Dogs for the Blind 
Association, UK (Joyce, 2012). 
2.5 Performance Measures 
The claims made for and against the safety benefits of shared space schemes highlight the 
range of user experiences and the difficulty in objectively assessing shared space performance. 
In order to better evaluate the operation of shared space schemes, several performance 
measures that are applicable to shared space environments are reviewed. 
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2.5.1 Vehicle Speed 
The introduction of shared space schemes have, in some cases, been attributed to reducing 
vehicle speeds (Hamilton-Baillie, 2008a.). The Dutch traffic engineer Hans Monderman 
developed the village of Oudehaske in the Netherlands in 1985 based on the principles of 
shared space design, removing street furniture and creating a shared square by replacing the 
asphalt roadway with clinker bricks. Vehicle speeds reduced by 40% after development 
(Hamilton-Baillie, 2008a.). Engwicht (2005) argued that shared spaces can reduce vehicle 
speed due to the psychological traffic calming effect they have on motorists. Encouraging 
more socialising within the street, blurring the boundary between the roadway and the 
footway and making the street feel more like a room, with furniture and public art can create 
uncertainty and intrigue in motorists, encouraging cautious behaviour and reducing vehicle 
speed. 
Reductions in vehicle speed are relevant to this study because they suggest that pedestrian 
safety may have been improved after the introduction of shared space. Vehicle speed has been 
cited as a causal factor in 30% of all fatal accidents in America (Bowie and Walz, 1994). 
Treat et al. (1979) found in a study of over 2000 vehicle collisions in America that excessive 
speed for the road conditions was the second most important causal factor. Várhelyi et al. 
(2003) suggested that for every 1km/h reduction in vehicle speed there is a 3% drop in the 
number of casualties.  
There are two main reasons for the link between speed and road safety. Firstly, higher speeds 
give the driver less time to react to a potential hazard and less time for other road users such 
as pedestrians or cyclists to react to the vehicle. Secondly, there is a direct relationship 
between speed and kinetic energy. The severity of a road traffic accident is largely determined 
by the kinetic energy of two colliding objects, which is a factor of the acceleration and mass 
of the objects, in accordance with Newton’s third fundamental law of physics. In general, 
higher speeds are related to higher accident risks and higher risks of fatality and injury. 
Because kinetic energy is a function of the square of the speed rather than the speed alone, 
higher speeds have a disproportionate effect on accident severity (Archer, 2004).  
Speed variance is another important factor in road safety. Solomon (1964) found that the 
accident rate was lowest when vehicle speeds were clustered around the mean, and increased 
with greater deviation above and below the mean. Garber and Gadiraju (1989) found that 
speed variance is lowest when the speed limit is 5-10mph below the design speed of the road, 
and will increase as you move away from this point.   
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2.5.2 Conflict Indicators 
Traffic conflict indicators are intended as substitute measures of traffic accidents, with higher 
observed frequencies that lend themselves to before-after case studies (Laureshyn, 2010). 
Conflicts can increase the understanding of accidents because the underlying processes are 
similar. To rate the severity of a conflict it is necessary to consider how likely it is to develop 
into an accident, and the possible consequences of that accident. All accidents contain a 
random element; they are caused by a combination of factors that occur at the same point in 
time. Each conflict between road users has the potential to develop into an accident, if certain 
factors manifest themselves. The severity of a conflict depends on how many additional 
factors are necessary to turn it into an accident (Laureshyn, 2010).  
One of the most commonly used conflict indicators is Time-to-Collision (TTC). TTC is the 
time that remains until a collision between two road users would have occurred, had both road 
users maintained their speed and direction (Archer, 2004). TTC distributions have been used 
in studies to analyse transport safety (e.g. Van Arem and De Vos, 1997), but there are issues 
with its use, mainly the difficulty in determining whether a collision course exists between 
two road users. If no collision course exists between road users then TTC cannot be measured. 
TTC is not well-suited to measuring pedestrian-vehicle interactions as pedestrians and 
vehicles generally travel at widely different speeds making it difficult to determine if a 
collision would occur (Laureshyn, 2010).  
A conflict indicator more suited to pedestrian-vehicle interactions is Post-Encroachment-Time 
(PET). PET is a measure of the time between two road users occupying a common spatial 
point. The main difference between PET and TTC is the lack of a collision course criterion in 
PET. This makes PET an easier measure to extract from video analysis and one that is more 
applicable to pedestrian-vehicle interactions. A drawback of PET is that it is difficult to judge 
the severity of a conflict as there is no speed or distance dimension. For example, a PET of 
0.5 seconds would be more serious if a car were travelling at a speed of 30mph, than a speed 
of 20mph. By measuring the speed of a vehicle along with its PET with a pedestrian it should 
be possible to more accurately gauge the safety of the interaction (Archer, 2004). 
MVA Consultancy’s (2010) report Designing the Future: Shared Space: Operational 
Assessment applied conflict indicators to different shared space environments. It examined ten 
shared space sites in the UK and Europe and graded the severity of road user conflicts using a 
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scale from one to six, with one representing the lowest severity conflicts, and six representing 
the most severe conflicts.  
MVA Consultancy (2010) found that 88% of the encounters across all ten sites were grade 
one severity. The highest severity encounter that was observed was level four, with both 
participants required to suddenly move to avoid an accident. These accounted for 1% of all 
encounters across all the sites. They found that the severity of encounter did not seem to be 
significantly affected by the traffic flow or average vehicle speed at the site. 
Kaparias et al. (2015) used a series of conflict indicators to analyse pedestrian-vehicles 
interactions in Exhibition Road, London before and after its conversion into a shared space 
scheme. Two types of pedestrian-vehicle interaction were identified: Steady Car-Pedestrian 
(SC-P) interactions where a vehicle is travelling at a steady speed when they come into 
conflict with a pedestrian, and Effective Shared Space (ESS) interactions where the vehicle is 
moving slowly or not at all when they come into conflict with the pedestrian. ESS interactions 
were characterised also by the presence of other pedestrians in the roadway.  
In order to analyse the interactions in more depth, Kaparias et al. (2015) observed the extent 
to which pedestrians and vehicles change their speed and direction when coming into conflict 
with each other. They suggested that lower changes in pedestrian speed and direction after the 
conversion would indicate higher levels of confidence amongst pedestrians and conversely, 
greater changes in vehicle speed and direction would indicate that drivers were more willing 
to share space with pedestrians.  
The key findings of the study were that the re-design of Exhibition Road to provide more 
pedestrian crossing opportunities significantly reduced the number of pedestrian-vehicle 
interactions. There were conflicting findings on pedestrian behaviour in SC-P and ESS 
interactions. Though average vehicle speeds on Exhibition Road reduced following the 
conversion, the proportion of pedestrians maintaining their speed and direction during SC-P 
interactions decreased, with more pedestrians giving way to vehicles. However, during ESS 
interactions the proportion of pedestrians maintaining their speed and direction increased after 
the conversion. In SC-P interactions fewer drivers slowed to allow pedestrians to cross the 
roadway than had before the conversion. 
These findings seem to suggest that the conversion of Exhibition Road into a shared space 
scheme has not had a positive effect on cooperative behaviour between road users. In SC-P 
interactions, which accounted for the majority of interactions both before and after the 
conversion, the proportion of pedestrians maintaining their speed and direction decreased 
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after the conversion, as did the number of drivers slowing to allow pedestrians to cross the 
roadway. Though the number of pedestrians maintaining their speed and direction in ESS 
interactions increased after the conversion, these events only accounted for one third of the 
total interactions.  
In summary, despite the widespread use of conflict indicators, they have limitations. Though 
they can produce large amounts of data on pedestrian-vehicle interactions, their effectiveness 
is limited by data collection methods which rely upon human observers. Observational 
analysis of road user behaviour, either on-site real-time analysis, or video analysis is time 
consuming and subject to inter- and intra-observer variability (Archer, 2004).  
Another drawback with conflict indicators is that many do not have an established statistical 
relationship with accident data, and therefore lack validity. As discussed by Archer (2004), 
though there is a continuum of encounters with accidents at the top of the list, preceded by 
near-misses and with safe passages at the bottom, it is difficult to quantify the risk of a near-
miss relative to an accident. 
The most comprehensive study in the literature to use conflict indicators to assess shared 
space performance is MVA Consultancy's (2010) report. Despite differences in the design and 
vehicle characteristics of the sites, there was little variation in the severity of pedestrian-
vehicle encounters, with 88% of encounters across the sites graded as level one. This suggests 
that conflict indicators do not accurately capture the variation in performance between 
different shared space schemes. Taking this finding into account, alternative performance 
measures were reviewed. 
2.5.3 Modelling of Shared Space Environments 
Several researchers (e.g. Anvari et al., 2015; Anvari et al., 2016; Rudloff et al., 2013) have 
applied agent-based micro-simulation to shared spaces. Urban environments such as shared 
spaces are characterised by multiple individuals, each with different goals, with a desire to 
move freely in all directions at the same time Kerridge et al. (2001). This combination of 
factors creates a complex environment that is particularly suited to agent-based modelling. 
Existing simulations of shared space environments have modelled pedestrian-vehicle 
interactions using the social force model (SFM), which was developed by Helbing and 
Molnar (1995). This is an agent-based model based upon utility maximisation theory. Road 
users travelling from point A to point B will always take the shortest and most convenient 
route that is available to them. If their route is obstructed they will try to stick to it as closely 
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as possible whilst maintaining a certain distance between themselves and the obstruction. An 
advantage of the social force model is that it allows individual differences to be incorporated 
into decision rules, making it possible to model ambiguous situations where several actions 
have an equal utility. However, there are issues with applying the social force model to shared 
space environments. As discussed by MVA Consultancy (2009), one of the objectives of 
shared space design is to encourage cooperative behaviour between road users. The social 
force model, with its emphasis on utility maximisation, does not account for cooperative 
behaviour.  
The original SFM only considered the force exerted on pedestrians by other pedestrians and 
by obstacles. To model shared spaces the 'forces' pedestrians and vehicles exert on each other 
need to be introduced. Anvari et al. (2015) used the SFM to model shared space environments 
by modelling the interactions between one vehicle and another vehicle, and between a vehicle 
and a pedestrian using the same equation (Equation 2.1). 
Equation 2.1 
 
In this equation  refers to a vehicle-vehicle, or pedestrian-vehicle interaction, refers to 
the socio-psychological force to keep a certain distance from other users, and   refers to 
the deceleration force needed to model vehicle-following behaviour. To avoid conflicts, each 
agent exerts a repulsive force which allows other agents to keep a certain distance from them. 
The repulsive force increases in strength as agents move closer together. If two agents pass 
within a certain distance of each other then a conflict avoidance strategy is implemented. This 
involves the agent with a greater speed starting to accelerate and deviate, whilst the agent with 
the lower speed starts to decelerate and deviate.   
Anvari et al. (2015) calibrated the model using video footage taken from the shared space 
scheme in New Road, Brighton. Mean speed distributions for the simulated and observed 
environments were comparable, leading Anvari et al. (2015) to conclude that for a shared 
space configuration similar to New Road, the calibrated values would be transferable. 
To test the transferability of this model to a range of shared space environments with different 
vehicle flows and speeds and different design configuations, Anvari et al. (2016) analysed 
pedestrian and vehicle movement in Exhibition Road, London. Exhibition Road has 
significantly higher vehicle flows and speeds than New Road, Brighton and the two sites have 
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different design configurations, with greater physical segregation between the footway and 
roadway in Exhibition Road. Accordingly, there is more separation between vehicle and 
pedestrian movement on Exhibition Road, with the majority of pedestrians remaining on the 
footpaths and vehicles staying within defined lanes. In New Road pedestrian movements are 
distributed across the space and cars negotiate their way through the pedestrian-dominated 
area.  
Anvari et al. (2016) found that the interactive range of the socio-psychological force was 
higher in pedestrian-vehicle interactions in Exhibition Road than New Road, and this results 
in a greater degree of segregation between modes in Exhibition Road.  
Anvari et al. (2016) concluded that the microscopic mixed traffic model developed in Anvari 
et al. (2015) is a powerful tool to predict the speed, acceleration and trajectories of pedestrians 
and vehicles in shared space environments similar to New Road, Brighton with low vehicle 
flows and high pedestrian densities, whilst acknowleging that shared space schemes are 
context dependent and the degree of sharing behaviour will depend on factors such as 
pedestrian and vehicle flow and speed.  
Anvari (2014) defined pedestrian willingness to share space with vehicles as the main aim of 
the shared space concept. Vehicle and pedestrian trajectories indicate that road user 
movements are more evenly distributed in New Road than Exhibition Road (Anvari et al., 
2016), therefore Anvari (2014) concluded that Exhibition Road is a less shared design than 
New Road. 
Though willingness to use the space is indicative of how shared a site is, as defined by the 
Department for Transport (2011), shared space aims to reduce the dominance of motor 
vehicles by encouraging accommodating behaviour from drivers towards pedestrians. To 
quantify accommodative behaviour in shared space sites it is necessary to analyse the level of 
cooperative behaviour between pedestrians and motorists. Cooperative behaviour is not 
accounted for in Anvari et al.’s (2015) model. Instead the model uses a conflict avoidance 
strategy where the agent with a greater speed accelerates to avoid coming into conflict with 
the slower moving agent who decelerates.  
Anvari et al. (2015) argued that the SFM is appropriate for modelling the interactions between 
pedestrians and vehicles in shared spaces because it assigns equal priority to all users. 
However this is not the case; the model does not reduce vehicle priority, in fact it assigns 
greater priority to faster moving vehicles allowing them to accelerate and avoid conflict with 
pedestrians. The low vehicle and pedestrian flows in New Road may mean that conflicts can 
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be avoided, but in busier shared space environments, with higher levels of pedestrian-vehicle 
interaction, not all conflicts can be resolved by the faster road user accelerating and the slower 
road user decelerating. MVA Consultancy (2010) found that in 31% of pedestrian-vehicle 
encounters in shared space sites the driver stopped or slowed to allow the pedestrian to cross 
over the roadway. This yielding behaviour is not accounted for by Anvari et al.’s (2015) 
model.  
Some of the issues with the SFM were addressed by Rudloff et al. (2013) who developed a 
simulation model based on data from a shared space square in Graz, Austria. They found that 
due to the higher speeds associated with pedestrian, vehicle and cyclist interactions in shared 
space, the SFM cannot solve all conflicts between agents. Tactical game theory was used to 
solve the remaining conflicts. This approach involved assigning one player the role of leader 
and one the role of follower. The leader is proactive in the situation and the follower reactive. 
The leader knows the expected outcome of their behaviour and bases their strategy on 
maximising their utility. The follower reacts to the leader by choosing the strategy with the 
highest available utility. In each situation the leader is defined as the road user who is closer 
to the conflict point at the time of the decision. 
Despite the attempts of Rudloff et al. (2013) to adapt the SFM to model pedestrian-vehicle 
interactions in shared spaces, it still does not account for the cooperative behaviour described 
by MVA Consultancy (2010). In order to further understand cooperative behaviour, research 
into traffic environments that have similar characteristics to shared spaces was reviewed. A 
traffic environment which can generate the uncertainty over who has right of way that is 
characteristic of shared space schemes is un-signalised crosswalks, mainly found in the US. 
Legislation typically gives pedestrians right of way at un-signalised crosswalks, but not all 
motorists comply with this. Several studies (Sun et al., 2003; Schroeder and Rouphail, 2011) 
have demonstrated that the interactions between pedestrians and motorists can be 
characterised by two separate phenomena: pedestrian gap acceptance and vehicle yielding 
behaviour. 
Schroeder and Rouphail (2011) examined vehicle yielding at un-signalised crosswalks in 
ambiguous situations where it was not clear whether vehicle or pedestrian had right of way. In 
each ambiguous situation data were collected regarding driver and pedestrian characteristics, 
traffic conditions and vehicle dynamics. They found that yielding behaviour was mainly 
associated with vehicle dynamics and the assertiveness of the pedestrian(s). Average observed 
speed was significantly higher for non-yield than yield events - 12.5 m/s compared to 11.2 
m/s, and if a pedestrian was assertive the chance of a vehicle yield was increased 5.59 times.  
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Their findings on vehicle speed are intuitive, as a yield will only be possible if the driver can 
react to the arrival of a pedestrian at the side of the crosswalk with sufficient time to slow 
their vehicle enough to allow the pedestrian to cross. The yielding decision is based on 
vehicle speed, distance from conflict area and the driver’s maximum comfortable deceleration 
rate. The findings are supported by Geruschat and Hassan (2005) who found that necessary 
deceleration rate accounted for 56% of the variability in driver yielding behaviour at 
roundabouts. 
The impact of pedestrian characteristics on vehicle yielding also has support in the literature. 
Harrell (1993) linked pedestrian assertiveness and brightly-coloured clothing with rates of 
yielding, and Geruschat and Hassan (2005) found the positioning of pedestrians relative to the 
kerb affected vehicle yielding rate, with drivers twice as likely to yield if the pedestrian stood 
in the carriageway as if they stood one foot from the kerb. 
Sun et al. (2003) developed a model for predicting vehicle yielding behaviour at un-signalised, 
marked mid-block crossings. They found that the vehicle type had a significant effect on 
yielding behaviour, with large vehicles like trucks and buses having a higher yielding 
probability than smaller private cars. They suggested that this could be because buses and 
trucks tend to follow the traffic laws more carefully than private cars due to the 
responsibilities of their job. They observed that as the number of pedestrians waiting at the 
side of crossing increases, the probability of motorist yield increases. They attributed this to 
the fact that a larger group of pedestrians is more likely to capture the attention of a driver. 
They also observed that older drivers have a greater probability of yielding than younger 
drivers; a phenomenon they attributed to the more cautious behaviour of older drivers. Finally, 
they found that the yielding behaviour of the driver travelling in the opposite direction had a 
significant effect on the probability of a yield. 
Several studies have also researched the factors that influence pedestrian gap acceptance. This 
includes research into the effect of age on pedestrian crossing behaviour. Older pedestrians 
are over-represented in accident statistics compared to younger pedestrians. The Federation 
for European Pedestrian Associations (1995) found that in the UK the fatality risk per 
population for older pedestrians relative to younger pedestrians doubled for those aged 60–69, 
trebled for those aged 70–79, and quadrupled for male pedestrians over 80. Several studies 
have examined the reasons behind this. Oxley et al. (1997) suggested that the ability to cross 
the road safely and efficiently becomes more difficult as age increases, and this is exacerbated 
as the crossing becomes more complex.   
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Brewer et al. (2006) discussed how gap acceptance behaviour is dependent on the 
pedestrian’s ability to determine the speed and distance of the approaching vehicle, and the 
time necessary to cross the road. This ability is influenced by the pedestrian’s age and 
physical limitations. Oxley et al. (2005) investigated the effect of age on the ability to choose 
safe time gaps in traffic in a simulated traffic environment. They found that for all age groups 
gap selection was mainly based on vehicle distance rather than vehicle speed. Younger 
pedestrians were able to estimate the time gap to oncoming traffic more quickly and more 
effectively than older pedestrians.   
Sun et al. (2003) identified and quantified the various parameters that influence a pedestrian’s 
decision to accept or reject gaps in a study of pedestrian-vehicle interaction at un-signalised 
crosswalks. They measured the effect of five variables on pedestrian gap acceptance 
behaviour: age, gender, waiting time, gap size and group size. Gap size, group size and the 
age of pedestrians were found to be the strongest predictor variables. Gap size was positively 
correlated with gap acceptance with larger gaps having a greater probability of acceptance, 
and group size and the age of pedestrians were negatively correlated with gap acceptance. 
They found that gap size had more influence on gap acceptance than vehicle speed and as a 
result pedestrians may incorrectly estimate the size of a time gap. 
Several studies have examined pedestrian gap acceptance behaviour at uncontrolled mid-
block crossings. Kadali (2015) used a mixture of linear regression and non-linear artificial 
neural network models to explain gap acceptance in Mumbai, India. Six variables were used 
to predict gap acceptance behaviour: pedestrian age, group size, number of attempts at 
crossing, waiting time, vehicle speed and rolling behaviour. Kadali (2015) observed that 
pedestrians did not always wait for all the lanes to clear before they crossed the street, instead 
anticipating that the lanes would clear as they crossed. This was defined as rolling behaviour. 
The study found that rolling behaviour had a significant effect (p<0.05) on the size of 
accepted gaps under mixed traffic conditions. Vehicle speed and the number of attempts at 
crossing were also found to have a significant effect on gap acceptance behaviour.  
Yannis et al. (2013) examined gap acceptance behaviour at an uncontrolled mid-block 
crossing in Athens, Greece. Gap size, the size of the vehicle, pedestrian gender, the presence 
of illegally parked cars and group size all had a significant effect (p<0.05) on the probability 
of gap acceptance. Gap size had the strongest influence on acceptance behaviour, with 
pedestrians likely to accept larger gaps. Illegal parking reduced the probability of gap 
acceptance and there was a negative correlation between vehicle size and gap acceptance, 
with larger vehicles reducing the probability of gap acceptance. Men were found to accept 
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larger gaps than women, increased waiting times reduced the probability of gap acceptance, 
and pedestrians in groups were more likely to accept larger gaps.   
2.5.4 Implications for the Research 
Several studies have used the performance measures discussed in this section to analyse 
shared space sites. Karnachuruk et al. (2013) examined the effect of shared space conversions 
on vehicle speed. They found in three sites that vehicle speeds reduced after shared space 
implementations, suggesting that the shared space had had a positive effect on vehicle 
behaviour. MVA Consultancy (2010) analysed a range of sites in the UK and Europe using 
conflict analysis tools and found generally low levels of conflicts. Anvari et al. (2015) 
developed a micro-simulation model calibrated using data from a shared space scheme in 
Brighton. Despite these practical applications, there are limitations with all the performance 
measures. The issues with the micro-simulation of shared space environments could be 
addressed by examining the mechanisms behind vehicle yielding and pedestrian gap 
acceptance behaviour, but to the author's knowledge no research has analysed these 
behaviours in shared space environments. As discussed there is not a direct correlation 
between conflict indicators and accident statistics and although safety indicators such as 
vehicle speed and flow have a statistical correlation with the number of road traffic accidents, 
focusing on the safety benefits of shared spaces may miss the other benefits this design 
approach can bring. 
As discussed by MVA Consultancy (2009) shared spaces in the UK are implemented for a 
range of purposes including:  
 improving the urban environment; 
 giving people more freedom of movement; 
 improving the ambience of places;  
 improving the interactions between users; and  
 enhancing the economic vitality of places. 
Several of these purposes including the ambience of places and the quality of the urban 
environment are difficult to measure and quantify using observational analysis. To measure 
them it is necessary to use a wider range of analytical methods. One performance measure 
that may be able to reveal more about the effectiveness of shared space environments are 
attitudinal studies.  
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2.6 Shared Space Studies 
The way pedestrians and motorists perceive the environment around them can impact upon 
their behaviour, and several studies have used perception surveys to analyse shared space. 
Therefore, in this section, firstly attitudinal studies will be reviewed, followed a before-after 
case study of shared space and several studies of pedestrian crossing behaviour. 
2.6.1 Attitudes towards Shared Space Schemes 
Kaparias et al. (2012) used stated preference methods to explore pedestrian attitudes towards 
a hypothetical shared space scheme. They found that pedestrians feel most comfortable 
sharing the road space when they are clearly visible to vehicles. The conditions which 
provided good visibility included low vehicle traffic flows, high pedestrian flows and 
effective street lighting. Young men felt most comfortable sharing space, whilst older people 
and people with disabilities felt least comfortable. Kaparias et al. (2012) also found that 
pedestrians were more willing to share space if they were provided with ‘safe zones’ free of 
vehicle traffic.  
Firth (2011) examined the effect on the willingness of pedestrians to share the road space with 
vehicles of switching off traffic lights. The research examined two sites in Bristol with high 
vehicle flows and high pedestrian crossing flows. Pedestrian attitudes varied at the two sites, 
at site one two-thirds of pedestrians felt safer crossing the road under signal control and 75% 
would prefer the lights to be switched back on. At site two most pedestrians perceived the 
junction to be safer, easier and quicker to pass through without signal control, and 70% would 
prefer to keep the lights switched off. Firth (2011) attributed the disparity in perceptions to 
differences in the type of pedestrian at each site. At site one, many of those surveyed were 
part of groups or were families with young children and were not necessarily familiar with the 
junction. At site two, many of those surveyed were on their own or in pairs and were on a 
regular commuting trip. Firth (2011) concluded that familiarity is likely to improve pedestrian 
perception of safety, explaining the differences in findings between the two sites.  
Several studies have analysed pedestrian attitudes towards recently converted shared space 
schemes. Hammond and Musselwhite (2013) examined a shared space scheme in Hereford 
that was completed in December 2010. The site has low levels of segregation between 
pedestrian and vehicle areas, with high pedestrian crossing flows and low vehicle flows and 
speeds. Attitudes towards the shared space were generally positive with 56% of participants 
either not worried at all or only slightly worried about sharing the street with traffic. 71% of 
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respondents stated that they could move freely around the shared space and 74% preferred the 
new shared space design to the older design. Age had a significant effect on attitudes, up to 
the age of 46 participants almost exclusively preferred the new shared space design to the 
older, segregated road space, but the attitudes were more varied in older participants. Despite 
the low vehicle flows and speeds, 50% of participants still felt they had less priority in the 
shared areas than did the vehicles, with 28% feeling they had equal priority and 15% feeling 
they had more priority than vehicles.  
Public Perspectives Limited (2014) examined the effectiveness of a shared space conversion 
in Dunstable. The shared space consists of a bus lane, lowered kerbs and reduced demarcation 
between pedestrian and vehicle areas. It features several courtesy crossings. 
A survey of 1000 local residents found that although the majority agreed with the original 
rationale for the changes to Court Drive and thought that traffic speeds have been reduced and 
the area is more attractive, most respondents felt the scheme had not been successful at giving 
priority to all road users. Respondents also felt the traffic flow had not been improved by the 
shared space and that the changes would not encourage more people to visit the area. 
Respondents were divided over the introduction of shared space with 42% agreeing with it 
and 54% disagreeing with it.  
These studies have shown that attitudes towards shared spaces vary both between different 
sites and within individual sites. Hammond and Musselwhite (2013) found generally positive 
attitudes towards a shared space scheme in Hereford, though half of respondents still felt they 
had less priority than vehicles. Firth (2011) found that the willingness to share space with 
vehicles after traffic lights had been switched off varied between two Bristol sites, and Public 
Perceptions Limited (2014) reported that residents were divided over the introduction of 
shared space to Dunstable. The difference in attitudes towards the Hereford and Dunstable 
shared space sites may be a result of their different traffic characteristics. Vehicle access to 
the Hereford shared space is limited between 10am and 4.30pm and the site has relatively low 
flows of one-way traffic during the rest of the day. The shared space in Dunstable has high 
two-way flows of vehicle traffic, plus a bus lane. Hereford is a more pedestrian orientated site 
than Dunstable which may explain why pedestrians generally have more positive perceptions 
of that site. 
As discussed in Department for Transport (2011) there is no definitive shared space design; 
the term covers a wide range of environments. This makes it difficult to compare user 
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attitudes and behaviour across a range of sites and draw valid conclusions on the effectiveness 
of shared space. To accurately examine the effect of shared space on attitudes and behaviour 
it may be necessary to compare performance before and after a shared space implementation. 
2.6.2 Shared Space Before-After Case Studies  
To the author’s knowledge only two published studies have directly compared performance 
before and after a shared space implementation. Karndachuruk et al. (2013) conducted a 
before-after case study of three shared space sites in Auckland, New Zealand, using a range of 
measures to assess the effect of shared space on pedestrian and vehicle behaviour. Horrell and 
Jones (2015) examined the effect of a shared space implementation in Bexleyheath, London 
on vehicle and pedestrian behaviour and the economic prosperity of local businesses. 
The pedestrian performance indicators used in Karndachuruk et al. (2013) were based on the 
objectives for shared space design outlined in MVA Consultancy (2009). The performance 
indicators were: 
 
 place making: the quality of the public realm should attract users to stay in the street 
rather than pass through it;  
 pedestrian focus: the shared space should reduce the dominance of motor vehicles and 
increase pedestrian priority; 
 vehicle behaviour change: vehicle dominance should be reduced by way of low 
vehicle speeds and volumes and increased cooperative behaviour between pedestrians 
and vehicles: 
 economic impetus: the road space should complement the shopping environment, 
attracting customers to the site; and 
 safety for all users, in particular vulnerable road users. 
 
In order to assess the place making function, Karndachuruk et al. (2013) examined pedestrian 
activity by observing the number of pedestrians who stayed in the street to socialise or use the 
services and the amount of time users spent in the street. In order to assess how pedestrian 
focused each of the three sites was, the pedestrian density and pedestrian trajectory was 
observed. Pedestrian density was calculated as the number of pedestrians per square metre 
and pedestrian trajectories were recorded for a peak 15 minutes of pedestrian movement. Each 
movement was recorded onto a 40 metre map of the shared space. Vehicle behaviour was 
analysed by measuring speed and volume before and after implementation. The economic 
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impetus was analysed by measuring the length of active frontage before and after the 
implementation and by recording the numbers of pedestrians using the shops, restaurants, bars 
and cafes along the streets. Finally, the safety of each street was analysed by looking at the 
accident record.  
Karndachuruk et al. (2013) found positive results for pedestrian performance across all three 
sites, in terms of pedestrian activity and pedestrian trajectories. The proportion of pedestrians 
who stayed in the street to socialise or use the services increased in all three sites from an 
average ratio of 21% before the shared space implementation, to an average ratio of 27% 
afterwards. User dwell time also increased by an average of just under seven minutes for each 
site. Across the three sites accessibility improved after implementation, with trajectories 
indicating that pedestrians used more of the space. In one street, almost half of the pedestrians 
who used the space occupied the roadway on some part of their trip.  
Vehicle behaviour also appeared to improve after the implementation, with vehicle speed and 
volume falling across all three sites. Daily vehicle volumes decreased by an average of 46% 
for the three sites. Mean vehicle speed decreased by an average of 24% across the three sites. 
These positive findings were supported by Horrell and Jones (2015), who reported reductions 
in vehicle dominance and increases in pedestrian priority following the Bexleyheath shared 
space implementation. Pedestrian delay at the kerbside was reduced when waiting to cross the 
road, suggesting that pedestrians have greater priority, and pedestrian crossing speeds were 
lower, suggesting that pedestrians feel safer in the roadway and do not need to rush across the 
road. Horrel and Jones (2015) also found that drivers were more likely to give way to 
pedestrians standing at the side of the roadway, indicating that vehicle dominance has been 
reduced following the implementation.  
The reductions in vehicle speeds and volumes reported by Karndachuruk et al. (2013) are 
relevant because they suggest that vehicle dominance may have been reduced after the 
implementation of shared space. This is significant to this study because research has 
suggested that vehicle characteristics such as speed and volume can have a strong influence 
on pedestrian behaviour and attitudes. Hine (1996) investigated the impact of traffic on 
pedestrian behaviour in several busy, mixed use routes in Edinburgh and found that traffic 
flow was a key factor in pedestrian behaviour. High flows were associated with pedestrians 
having smaller crossing acceptance gaps, longer delays, steeper crossing angles, and more 
crossings behind parked vehicles. Many pedestrians said that they were forced to either 
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change their walking route, or take another form of transport because of high levels of vehicle 
flow. Some pedestrians also reported that they did not feel safe crossing the road at informal 
crossing points, with high vehicle flows forcing them to use formal crossing points. Hine 
(1996) also found that low vehicle speeds were associated with positive pedestrian 
perceptions of safety. This finding supported the assertion from Garrard (2008) that 
pedestrians will perceive that the risk of injury to them is high when vehicle speeds are high. 
Kaparias et al. (2011) also suggested that if pedestrians do not feel they can safely move 
around a space they will most likely walk on the margins on the street, creating channels for 
vehicle movement and encouraging vehicles to go faster. 
Oxley et al. (1997) found individual differences in pedestrian crossing speed, with older 
pedestrians having slower crossing speeds than younger pedestrians. There also is evidence to 
suggest that pedestrian crossing speed can be affected by vehicle characteristics. Demiroz et 
al. (2015) found that the speed limit of crossing locations effected pedestrian crossing speed. 
At two locations where the speed limit was 70 km/h pedestrians had average crossing speeds 
of 1.60 m/s and 1.73m/s and at two locations where the speed limit was 50 km/h the average 
crossing speeds were 1.04 m/s and 0.97 m/s. They suggested that this demonstrates that 
pedestrians have more positive perceptions of safety with lower vehicle speeds.   
To examine the full effect of the vehicle speed and volume reductions on pedestrian 
performance in the three shared space sites Karndachuruk et al. (2013) acknowledged that 
they would need to use perception surveys. This omission represents the main weakness in 
their work. Observing pedestrian behaviour and movement can be informative, but to 
thoroughly investigate pedestrian performance in shared spaces it is also necessary to examine 
the attitudes of users. Horrell and Jones (2015) used perception surveys but these were limited 
to a small sample of businesses, and generally concerned their perceptions of economic 
vitality. Combining the perception surveys used by Hammond and Musselwhite (2013); 
Kaparias et al. (2012); Firth (2011) and Public Perceptions Limited (2014) with the 
observational analysis used by Karndachuruk et al. (2013) in a before-after case study would 
represent the most comprehensive analysis of a shared space site yet undertaken. 
2.6.3 Pedestrian Crossing Behaviour in Shared Space Schemes  
By mapping the locations pedestrians use to cross a road it is possible to observe whether they 
cross freely, or are confined to cross in certain corridors. Pedestrian crossing behaviour has 
been analysed in several studies (e.g. MVA Consultancy, 2010; Moody and Melia, 2013) to 
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examine pedestrian use of space and accessibility. The greater the proportion of space used by 
pedestrians, the more accessible the environment.  
Moody and Melia (2013) examined the Elwick Square shared space scheme in Ashford, Kent. 
The scheme consists of a large square with little segregation between vehicle and pedestrian 
areas. It incorporates a four-way intersection. To aid pedestrian accessibility there are 
courtesy crossings at each arm of the junction.  
Moody and Melia (2013) used a combination of video observation and questionnaire surveys 
to assess pedestrian freedom of movement and pedestrian-vehicle interactions.  
They found that pedestrian movement was largely restricted to the edges of the square. When 
moving through the space 56% of pedestrians avoided the areas of high vehicle flow in the 
centre of the square, and instead used the informal courtesy crossings, lengthening their route 
and diverting them from their desire lines. Pedestrian-vehicle interactions were analysed by 
observing who gave way in conflicting movements at courtesy crossings. Although the 
majority of pedestrians treated the courtesy crossings like zebra crossings, expecting vehicles 
to give way, only 37% of motorists gave way to pedestrians at these crossings. This suggests 
that vehicles largely dominate Elwick Square, with pedestrians marginalised to the periphery 
of the space and the majority of vehicles not giving way in conflicting movements. The 
findings were supported by questionnaire surveys which found that many pedestrians believed 
motorists to be hostile and unwilling to share the space. Of the 130 pedestrians surveyed who 
had experienced the previous layout, 80% claimed to feel safer before the shared space 
conversion.  
Moody and Melia (2013) also found demographic differences in attitudes towards Elwick 
Square. Men were statistically significantly (p<0.05) less likely to feel anxious about sharing 
space with vehicles than women, and statistically significantly more likely to believe that they 
had equal or more priority than vehicles.  
MVA Consultancy (2010) examined pedestrian use of space in eight UK shared space sites 
with a range of vehicle flows, speeds and design features. There was a high degree of 
variation in pedestrian use of space, with 70% of pedestrians observed in the roadway and 30% 
observed on the footway in a static count in the shared space scheme in New Road, Brighton. 
By comparison, in three shared space sites in Shrewsbury, Southampton and London less than 
10% of pedestrians were observed in the roadway in static counts. To test if the differences in 
pedestrian use of space were linked to the different characteristics of each site, the sites were 
given a shared space rating based on their design and traffic features. Results suggested that 
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lower traffic flows and certain design features, specifically those that are intended to reduce 
demarcation between pedestrian and vehicle areas, can encourage pedestrians to use more of 
the carriageway.  
Moody and Melia (2013) were critical of MVA Consultancy’s (2010) research, highlighting 
the weak association between design characteristics and pedestrian use of space. MVA 
Consultancy (2010) acknowledged that the amount of variation in pedestrian use of space 
explained by the design and traffic characteristics was low (30-50%), indicating that there are 
other variables that influence pedestrian’s willingness to use the space. They suggested that 
the need to cross the roadway, as determined by the attractors on either side of the road is 
likely to influence the use of space. 
2.7 Road Traffic and Quality of Life 
Several studies have examined the link between road traffic and quality of life and the 
findings are relevant to this research. One of the earliest studies into road traffic and quality of 
life is Appleyard’s (1980) paper Livable Streets: Protected Neighborhoods. This research 
used social connectedness as a quality of life indicator. Social connectedness refers to the 
number and quality of social connections a person has within a community. Appleyard (1980) 
found that people living on a street with relatively heavy traffic had only one-third as many 
social connections as people living on a street with relatively light traffic.  
There have been several follow-up studies that have replicated Appleyard’s work and have 
reported similar findings. For example, Bosselmann et al. (1999) examined the social and 
environmental impacts of heavily trafficked roads compared to lightly trafficked boulevards. 
The findings supported Appleyard’s assertion that heavy traffic is associated with a 
withdrawal from the physical environment. Hart and Parkhurst (2011) compared three 
residential streets in Bristol, with vehicle traffic flows of 140 vehicles per day, 8,420 vehicles 
per day and 21,130 vehicles per day respectively. They interviewed residents on each street 
about their environmental perceptions, social ties and views on the traffic. The study also 
found that higher levels of traffic had a negative impact on social connectedness. Residents 
living on the medium and heavily trafficked streets had fewer friends and acquaintances in the 
locality than residents living on the lightly trafficked street.  
Sauter and Huettenmoser (2008) repeated Appleyard’s work in streets in Basel, Switzerland, 
comparing encounter zones with busier streets. Encounter zones, found in Switzerland share 
many characteristics with the Dutch Woonerf, such as shared level surfaces, and trees, 
bollards and vehicle parking to reduce vehicle speeds. Also, they have vehicle speed limits of 
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20 km/h and are designed to improve the environment for pedestrians, and encourage children 
to play. Sauter and Huettenmoser (2008) found that people who lived in encounter zones felt 
more at home, lived there for longer and perceived their streets to be more distinctive than 
residents living in busier, non-shared streets.  
In the UK, Biddulph (2010) interviewed residents of 14 home zones in England. It was found 
that parents were more lenient in letting their children out to play in home zones than in 
traditional street layouts. These findings support earlier research by Eubank-Ahrens (1985, 
1987) which observed that children, and consequently their parents felt more secure in home 
zones than they would have done in isolated play facilities. This facilitated an increase in play 
and verbal communication. 
In Street Design and Street Use: Comparing Traffic Calmed and Home Zone Streets Biddulph 
(2012) observed pedestrian behaviour in two streets in Cardiff, one with traffic calming 
measures and one with home zone features. The traffic calmed street had through traffic and 
on-street parking. The home zone street had on-street parking, but no through traffic. 
Biddulph (2012) observed the characteristics of the pedestrian, the amount of time they spent 
in the street and the activity in which they became engaged. In addition to this the movement 
of vehicles was recorded.  
There were noticeable differences in the amount of time children spent in the two streets, with 
children staying for longer periods in the home zoned street. There were also differences in 
the activity of pedestrians, with a number of children using the home zoned street for playing 
and no children using the traffic calmed street for playing. Biddulph (2012) found that the 
home zoned street had more vehicle activity, despite being closed to through traffic. People 
also spent longer on average in the home zoned street. These findings suggest that introducing 
home zones with elements of shared space can improve the place-making function of 
residential areas.  
This research indicates that parents and children have improved perceptions of safety in home 
zone streets compared to traditional street layouts. Home zones have much in common with 
shared space schemes, with reduced demarcation between the roadway and footway aimed at 
integrating vehicle and pedestrian movement. The research on shared space performance  
presented in this thesis provides an opportunity to further the understanding of the link 
between integrated vehicle and pedestrian movement, and users perception of safety. 
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2.8 Conclusion 
This literature review critically reviews shared space performance measures, and their 
implementation in studies of shared space. It highlights the lack of consensus on the best 
methods of analysing the effectiveness of shared space schemes. 
The concept of shared space has evolved from its first incarnation in the Dutch Woonerf to its 
current form in the British transport environment. This evolution has incorporated a shift from 
the traffic calming philosophy of the Woonerf to the broader approach to shared space design 
increasingly used in the UK today, as evidenced by MVA Consultancy’s (2009) and 
Karndachuruk’s (2013) objectives of shared space. This has changed how shared space 
performance is measured, from a focus on traffic and accident statistics to a broader analytical 
approach encompassing a range of measures including observational and attitudinal research.  
The diversity of shared space environments in the UK means that it is difficult to analyse the 
effects of shared space when comparing the performance of different sites. To isolate the 
effect of shared space on behaviour and attitudes it is necessary to compare performance 
before and after an implementation. Karndachuruk et al. (2013) compared the performance of 
three shared space sites in Auckland, New Zealand before and after implementation. They 
found pedestrian performance improved, though the research was limited by the exclusion of 
perception surveys. Therefore, this presents the gap in the literature this PhD research has 
aimed to fill by comparing behaviour and attitudes before and after the development of a 
shared space scheme in Newcastle upon Tyne. This research will offer a novel insight into the 
performance of shared space.  
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Chapter 3: Pedestrian-Vehicle Interactions Methodology 
 
This chapter describes the characteristics of four shared space sites and reviews the 
methodology used to analyse pedestrian-vehicle interactions. Section 3.1 introduces the four 
shared space sites in London, Bath and Newcastle used to analyse pedestrian and vehicle 
behaviour. The differences in design, physical, traffic and pedestrian characteristics are 
reviewed. Section 3.2 presents the methodology used to measure post-encroachment time and 
the tests used to examine the correlation between vehicle speed and post-encroachment time. 
Section 3.3 discusses the methodology used to analyse vehicle yielding and pedestrian gap 
acceptance behaviour in three shared space sites. The chapter finishes with a conclusion on 
the effect of design, traffic and pedestrian characteristics on pedestrian-vehicle interactions in 
shared space.  
3.1 Shared Space Sites  
Four shared space sites were used to examine pedestrian and vehicle behaviour: Holbein Place 
in Sloane Square, London, Seven Dials in Covent Garden, London, New Bond Street in Bath 
city centre and Blackett Street in Newcastle upon Tyne city centre. Holbein Place, New Bond 
Street and Blackett Street are single lane, one-way link roads. Traffic flow in Holbein Place 
and New Bond Street is in one direction, whereas Blackett Street has alternating directions of 
flow. Seven Dials is a small road junction where seven one-way single lane streets converge 
to form a roundabout. Traffic flow on the roundabout is in a clockwise direction.  
Research from MVA Consultancy (2010) indicated that different design, vehicle and 
pedestrian characteristics can influence the interactions between pedestrians and vehicles in 
shared space environments. Shared space sites with different features were selected to help 
explain any variance in pedestrian and vehicle behaviour. The characteristics recorded in each 
site were: 
 design characteristics; 
 physical characteristics; 
 hourly vehicle flow; 
 mean average and 85th percentile vehicle speeds; and 
 pedestrian crossing flow. 
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3.1.1 Design Characteristics 
Photos of the four sites are displayed in Figure 3.1 - Figure 3.4.  
Figure 3.1 – Holbein Place Site  
     
 Figure 3.2 – Seven Dials Site 
 
Vehicle Flow 
Roadway 
Position 
of Video 
Camera 
Footway 
Source: Google (2016a.) 
Vehicle flow 
Footway 
Roadway 
Position 
of Video 
Camera 
Source: Google (2016b.) 
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Figure 3.3 – New Bond Street Site 
 
Figure 3.4 – Blackett Street Site 
 
As described in Local Transport Note 1/11: Shared Space (Department for Transport, 2011), 
many of the traditional features that demarcate vehicle and pedestrian space such as kerbs and 
material differences are often absent in shared space schemes. MVA Consultancy (2010) 
proposed a ‘shared space rating’ based on a set of nine observable characteristics. Each 
characteristic was graded and the presence or absence of the characteristics was used to 
calculate a shared space rating. The characteristics are listed below: 
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1. Kerbs? No kerb: 4 points; Low kerb: 2 points; High kerb: 0 points; 
2. Surface colours? No contrast: 4; Low Contrast: 2; High Contrast: 0; 
3. Public space characteristics? Cafes/ Markets: 1; Benches: 1; Greenery: 1; Public Art: 
1; No characteristics: 0; 
4. Crossing points? No: 4; Yes: 0; 
5. Road markings? No: 4; Yes: 0; 
6. Traffic lights? No: 4; Yes: 0; 
7. Bollards? No: 4; Yes: 0; 
8. Guard rails? No: 4; Yes: 0; and 
9. Free standing street lamps? No: 4; Yes: 0. 
In order to distinguish between Holbein Place, New Bond Street, Blackett Street and Seven 
Dials, the presence or absence of these characteristics were recorded (Table 3.1 and Table 3.2), 
and used to calculate a 'shared space rating' for each site (Table 3.3). 
Table 3.1 – Design Characteristics 
Site Kerb Surface 
Colour 
Crossing 
Points 
Road 
Markings 
Traffic 
Lights 
Bollards Guard 
Rails 
Street 
Lights 
Holbein Pl. No Low  No No No No No Yes 
Seven Dials No Low  No Yes No Yes No Yes 
New Bond St. No High  No No No Yes No No 
Blackett St. Low  Low  No No No No No No 
Table 3.2 – Public space characteristics 
Site Cafes/ Markets Benches Greenery Public Art 
Holbein Pl. Yes No No No 
Seven Dials No Yes Yes No 
New Bond St. No No No No 
Blackett St. No  Yes  No No 
Table 3.3 – Shared Space Rating 
Site Shared Space Rating 
Holbein Place 27 
Seven Dials 20 
New Bond Street 24 
Blackett Street 29  
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According to this criteria, Blackett Street received the highest shared space rating, indicating 
that it is the most shared of the sites, and Seven Dials received the lowest rating, indicating 
that it is the least shared (Table 3.3). MVA Consultancy (2010) acknowledged that their 
shared space rating is indicative only and dependent on the variables included in the 
questionnaires and the relative weights assigned to them, but it does provide a useful means of 
classifying shared space sites based on observable characteristics.   
3.1.2 Physical Characteristics  
In addition to the differences in the design of the sites, there are differences in the physical 
characteristics (Table 3.4). 
Table 3.4 - Physical characteristics  
Site Junction/Link Lanes/Direction Roadway Width Footway Width 
Holbein Place Link Single/one-way 4m 6-9m 
Seven Dials Junction Single/one-way 5m 2-5m 
New Bond Street Link Single/one-way 3m 3-11m 
Blackett Street Link Single/two-way 4m 3-12m 
 
The width of roadway and footway can be used to assess the balance between vehicle and 
pedestrian priority. A wide roadway and a narrow footway suggests that a site is dominated 
by vehicle traffic, and a wide footway and narrow roadway suggests that a site is more 
pedestrian orientated. Seven Dials has the narrowest footway compared to the roadway of the 
four sites, indicating that vehicles have more priority over pedestrians. The three other sites 
have different degrees of variation in footway width, however the footway is consistently 
widest in Holbein Place, with a minimum width of 6m, compared to a minimum width of 3m 
in Blackett Street and New Bond Street. This suggests that of the four sites, pedestrians have 
greatest priority over vehicles in Holbein Place. The implications of this on the interactions 
between pedestrians and motorists are explored in Chapter 4.  
Holbein Place, Blackett Street and New Bond Street provide a link between other, more major 
roads. All have a single lane of traffic, with low levels of interactions between vehicles. Seven 
Dials is a junction, with vehicles interacting as they negotiate their way around a seven-armed 
roundabout. As discussed in Chapter 2.2, junctions are more complex environments than link 
roads, and often have lower vehicle speeds. In order to determine whether vehicle speeds are 
lower in Seven Dials the traffic characteristics were measured, and the results are presented in 
Chapter 4.  
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3.1.3 Traffic Characteristics 
As discussed, Holbein Place, New Bond Street and Blackett Street are all single lane link 
roads, allowing vehicle flow to be measured from a single video camera looking down the 
roadway. Seven Dials is a seven armed roundabout, making it more difficult to measure 
vehicle flow. In order to measure vehicle flow in Seven Dials, a video camera was set up 
facing towards the monument at the centre of the roundabout, and vehicles that crossed a line 
in the roadway were counted (Figure 3.5). 
Figure 3.5 – Speed and flow measurement in Seven Dials 
 
 Video footage was used to measure space-mean vehicle speed. The use of video was 
considered appropriate as the study was exploratory in nature and the recordings would allow 
further relevant information to be extracted from events of interest (Laureshyn et al., 2009). 
Using video footage allowed the type of vehicle to be recorded along with its speed, and 
allowed further behavioural parameters such as post-encroachment time to be recorded.  
Vehicle speed was measured in Holbein Place, Blackett Street and Seven Dials. In order to 
measure vehicle speed in Holbein Place and Blackett Street, vehicles were timed passing 
between two known points (Figure 3.6 and Figure 3.7). Points A and B in Holbein Place were 
aligned with the metal studs that form a tactile paving surface on either side of the roadway. 
Points A and B in Blackett Street were aligned with the paving slabs on the edge of the 
roadway. The distance between point A and point B in Holbein Place was 5.3 metres and the 
distance between point A and point B in Blackett Street was 6.5 metres. 
Figure 3.6 – Speed measurement in Holbein Place 
   
Monument 
Source: Google (2016d.) 
Road Line  
Source: Author's own photograph 
Point A 
Point B 
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Figure 3.7 – Speed measurement in Blackett Street 
 
The configuration of Seven Dials made it more difficult to measure distance as vehicles 
generally did not travel in a straight line, they turned at different angles to move around the 
roundabout. In order to measure vehicle speed in Seven Dials, the length of each vehicle was 
obtained by identifying its make and model. A line in the road was used (Figure 3.4), and the 
time between the front and rear of each vehicle passing over the line was recorded. The length 
of the vehicle equalled the distance travelled and this was used to calculate speed. Individual 
vehicle speeds were not recorded in New Bond Street due to the protracted nature of 
measuring vehicle speed manually using video footage. Instead the mean average vehicle 
speed recorded in MVA Consultancy (2010) was used. Table 3.5 displays the hourly vehicle 
flow and mean average vehicle speed of the four sites. 
Table 3.5 – Traffic characteristics 
Site Date and Time of 
Recordings 
Vehicle 
Flow/ hr 
Mean Average 
Vehicle Speed 
85th % Vehicle 
Speed 
Holbein Place 9/2/13: 15.00-16.00 224 9.87 mph 11.86mph 
Seven Dials 3/1/13: 14.30-15.10 276 7.13 mph 9.15 mph 
New Bond Street 31/8/13: 11.30-12.30 276 12.8 mph n/a 
Blackett Street 1/2/13: 11.00-12.00 240 13.92 mph 16.52mph 
This study used manual observations of vehicle speed because as discussed by Adnan et al. 
(2013), when vehicle speeds are low manual counts can provide accurate measurements. 
Manual counts can introduce human errors when speeds are high, and inter-observer 
variability can be an issue when more than one observer is used. In this study vehicle speeds 
were generally low across the three sites (Table 3.5) and only one observer was used.  
The footage was shot in high definition using a Sony HDR-CX190E digital video camera at a 
rate of 25 frames per second. In order to reduce observer error and increase the accuracy of the 
speed recordings, vehicle speed was analysed frame-by-frame. Though this improved the 
accuracy of the speed recordings, it was time-consuming; therefore speed was only recorded 
Point B Point A 
Source: Author's own photograph 
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for one hour in Blackett Street, Seven Dials and Holbein Place, and vehicle speed was not 
recorded in New Bond Street.  
The aim of the analysis of vehicle speed was to test whether there is a statistically significant 
(p<0.05) difference in vehicle speed between the sites. A two-tailed, non-directional 
hypothesis was used. H0: there is not a significant difference in vehicle speeds between the 
sites; H1: there is a significant difference in vehicle speeds between the sites. 
In order to select the appropriate statistical test, the normality of the distributions were 
examined. Normally distributed data should be analysed with parametric tests of differences 
such as the t-test. Non-normally distributed data should be analysed using non-parametric 
tests of difference such as the Mann-Whitney test. Though non-parametric tests allow 
hypotheses to be tested without making assumptions about the normality of the data, they 
result in a loss of statistical power compared to parametric tests. This is because they rely on 
ranking the data, therefore some of the information about the magnitude of differences 
between scores is lost (Field, 2013).  
The parametric t-test measures the overlap between two sets of data. If two datasets have 
widely separated means and small variances, they will have little overlap and a large value of 
t. If two datasets have means that are close together and large variances, they will have a lot 
of overlap and a small value of t (Cadogan and Sutton, 1994).  
The t-test assumes that the variances of the two samples are roughly equal. The Levene’s test 
can be used to test the assumption of homogeneity of variances. A statistically significant 
(p<0.05) Levene’s test indicates that the variances of the two samples are statistically 
significantly different, and the assumption of homogeneity of variances has been violated. 
The non-parametric Mann-Whitney test ranks scores from lowest to highest, ignoring the 
group to which each score belongs to. The ranks are then summed for the two groups and the 
test statistic U is used to determine whether the difference between the two summed ranks is 
statistically significant (Field, 2009). In the case of a statistically significant test, the mean 
ranks for each group can be used to determine the direction of the difference. In addition to 
the Mann-Whitney test, the effect size should be calculated using the z-scores and the total 
number of observations. Effect sizes provide a standardized measure and allow the results to 
be compared with other studies (Field, 2009). 
The normality of the data was analysed visually by plotting histograms of the frequency 
distributions. Symmetrical distributions indicate that the data is non-skewed and non-
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symmetrical distributions indicate that the data is skewed. Positively skewed distributions 
have scores clustered at the lower end, with a tail that points towards the higher scores. 
Negatively skewed distributions have scores clustered at the higher end, with a tail that points 
towards the lower scores (Field, 2009).  
The distribution can also be used to check the kurtosis of the data. Distributions with a 
positive kurtosis have many scores in the tails and a pointy shape. This is known as a 
leptokurtic distribution. Distributions with a negative kurtosis have few scores in the tails and 
a flatter shape. This is known as a platykurtic distribution (Field, 2009). 
In order to quantify the shape of the distributions and confirm the visual analysis of normality, 
skewness and kurtosis values were calculated. In a normal distribution the values of skew and 
kurtosis are zero. Skew or kurtosis values above or below zero indicate non-normally 
distributed data.  
As a final test of normality, each speed sample was compared to a normal distribution with 
the same mean and standard deviation using the Kolmogorov-Smirnov test and the Shapiro-
Wilk test. Both tests work in the same way, but the Shapiro-Wilk test has more power to 
detect differences from normality (Field, 2009). Non-statistically significant tests (p<0.05) 
indicate that the distribution of the sample is not statistically significantly different from a 
normal distribution. Statistically significant tests (p>0.05) indicate that the distribution of the 
sample is statistically significantly different from a normal distribution. 
3.1.4 Pedestrian Characteristics  
Pedestrian crossing flow in Holbein Place, New Bond Street and Blackett Street was 
measured using a manual count of the number of pedestrians that crossed the roadway in a 15 
minute period. Vehicle flow in Seven Dials was measured by counting the number of 
pedestrians that crossed the line in the roadway in a 15 minute period (Figure 3.5). In each site 
the 15 minute count was extrapolated to give the hourly crossing flow (Table 3.6). 
Table 3.6 – Pedestrian Crossing Flow 
Site Pedestrian Crossing Flow/ hr 
Holbein Place 2200 
Seven Dials 900 
New Bond 
Street 
1900 
Blackett Street 1050 
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3.2 Post-Encroachment Time 
The recording of design, traffic and pedestrian characteristics indicated that there are 
differences between the four shared space sites. In order to substantiate the findings of MVA 
Consultancy (2010), and examine if these differences influence pedestrian-vehicle 
interactions, post-encroachment time (PET) was recorded. 
3.2.1 PET Measurement 
PET is a conflict indicator that measures the difference in time between two road users 
occupying a common spatial point. The lower the PET value, the closer the two road users 
were to coming into conflict with each other (Archer, 2004). As discussed in Chapter 2, PET 
is limited as a conflict indicator by the lack of a speed or distance dimension. This makes it 
difficult to measure the severity of the situation. For example, a fast moving, but distant 
vehicle may give the same PET as a slow moving close one, but as vehicle speed has an 
exponential effect on  pedestrian accident severity (Várhelyi et al., 2003; Archer, 2004), then 
the former situation is of more concern than the latter. In order to improve the performance of 
PET, the speed of the vehicle was measured in each PET situation using the methodology 
outlined in 3.1.2. 
PET was measured from the traffic characteristics video footage (Table 3.5). To calculate 
PET, the video footage was observed to identify situations in which a pedestrian and vehicle 
came into close proximity with each other. Once a hazardous PET situation had been 
identified, the time between the pedestrian and vehicle passing over a common spatial point 
was calculated (Figure 3.8 and Figure 3.9). Vehicle speed was measured after the PET had 
been recorded at the common spatial point. 
Figure 3.8 - Post-Encroachment Time measurement example: pedestrian 
 
Common 
Spatial Point 
Source: Author's own photograph 
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Figure 3.9 - Post-Encroachment Time measurement example: vehicle 
 
Low PETs indicate that pedestrians feel more comfortable being in close proximity to 
vehicles, and are more likely to accept smaller gaps between themselves and oncoming traffic 
when crossing the roadway. High PETs indicate that pedestrians feel more uncomfortable 
being in close proximity to vehicles, and are more likely to accept larger gaps to maintain a 
buffer between themselves and oncoming traffic.  
PET was only measured in Blackett Street, Holbein Place, Seven Dials and not in New Bond 
Street due to the protracted nature of recording this conflict indicator.  
3.2.2 PET Analysis 
The aim of the analysis of PET was to test whether there is a statistically significant (p<0.05) 
difference in PETs between the sites. A two-tailed, non-directional hypothesis was used. H0: 
there is not a significant difference in PETs between the three sites; H1: there is a significant 
difference in PETs. Furthermore, the analysis will explore whether the differences in design, 
traffic and pedestrian characteristics between the sites are reflected in pedestrian-vehicle 
interactions. 
In order to select the appropriate statistical test the normality of the distributions of PETs was 
tested using histograms, the skewness and kurtosis values and the Kolgmorov-Smirnov and 
Shapiro-Wilk tests.  
3.2.3 Correlation between Vehicle speed and PET 
The PET and vehicle speed results from the three sites indicated that there may be a 
association between post-encroachment time and vehicle speed. Blackett Street had the 
highest mean average vehicle speeds (Table 3.5) and the highest mean average PETs (Table 
4.6). In order to further examine the relationship between vehicle speed and PET, the 
Common 
Spatial Point 
Source: Author's own photograph 
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association between vehicle speed and post-encroachment time in individual pedestrian-
vehicle interactions was analysed.  
The correlation between vehicle speed and PET was analysed visually by plotting scatter plots. 
Scatter plots can indicate whether there are any general trends in the data, and can also be 
used to identify outliers (Field, 2013). The relationship between speed and PET was 
summarised using a regression line, and the equation of this regression line was calculated. 
The degree to which the data fits the regression equation was expressed as the correlation 
coefficient, R². The closer the R² value is to 1.00, the better the data fits the regression 
equation.  
3.3 Vehicle Yielding and Pedestrian Gap Acceptance Behaviour 
The research outlined in the previous section highlighted differences in the behaviour of 
pedestrians and vehicles in a range of shared space sites. In order to better understand the 
effects on interactions, the decision was taken to develop explanatory models of gap 
acceptance and yielding behaviour using video observations of the parameters discussed in 
the previous section, as well as additional parameters, which will be discussed further in this 
section.  
The data collection methodology was designed to capture the explanatory variables, as well as 
the outcome of the yield and gap acceptance decision. Video recording was used to collect 
data. This allowed the collection of large amounts of data at each site that could be analysed 
separately, reducing observer bias and interference.   
3.3.1 Vehicle Yielding Behaviour 
Vehicle yielding behaviour was analysed in Holbein Place, Seven Dials and New Bond Street, 
Bath. Blackett Street was excluded from the yielding analysis because no vehicle yielding 
behaviour was observed in pedestrian-vehicle interactions. New Bond Street was selected to 
replace Blackett Street as research from MVA (2010) indicated that vehicle yielding 
behaviour was observable at this site.  
In order to analyse yielding behaviour, video footage was gathered from the three sites in May 
2013 and August 2013 (Table 3.7). Ambiguous yielding situations were observed in which a 
pedestrian or group of pedestrians arrived at the side of the roadway at the same time as a 
vehicle approached the roadway. In such a situation the pedestrian(s) have indicated that they 
want to cross the roadway by standing at the side of the roadway, and the driver is aware of 
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the pedestrian(s) intentions and must decide to yield or carry on through the roadway 
(Schroeder and Rouphail, 2011). 
Table 3.7 - Analysis of Vehicle Yielding Behaviour   
Site Date and Time of 
Recordings 
No. of Yielding 
Situations 
Yielding 
Situations/hour 
Yielding 
Situations/ 
Crossings 
Seven 
Dials 
9/8/13: 14.00-16.00;  
10/8/13: 12.00-14.00 
182 46 5% 
New Bond 
Street 
31/8/13: 10.00-12.30 378 151 8% 
Holbein 
Place 
5/5/13: 15.00-16.30; 
6/5/13: 11.00-12.30; 
7/8/13: 15.00-17.30 
828 151 7% 
A total of twelve hours of video footage were recorded across the three sites, from which 
1483 ambiguous yielding situations were observed (Table 3.7). Both Holbein Place and New 
Bond Street had identical numbers of ambiguous yielding situations per hour, but yielding 
situations were more infrequent in Seven Dials, with three times fewer yielding situation per 
hour. The reason for this is the different pedestrian crossing flows (Table 3.6). Seven Dials 
has less than half the pedestrian crossing flow of Holbein Place and New Bond Street. At 
lower pedestrian crossing flows, there will be lower levels of pedestrian-vehicle interaction 
and less ambiguous yielding situations. In order to account for the low pedestrian crossing 
flow in Seven Dials, yielding situations are also presented as a proportion of the hourly 
pedestrian crossing flow in each site. Between 5% and 8% of all the crossing movements in 
the three sites involved an ambiguous yielding situation (Table 3.7). 
In order to record vehicle yielding behaviour in the three sites, a video camera was set up 
adjacent to the roadway, facing in the direction of oncoming traffic (Figure 3.1 - Figure 3.3). 
This allowed variables describing pedestrian characteristics, vehicle dynamics and traffic 
conditions to be collected for each vehicle yielding situation. The video footage was analysed 
separately using video editing software. Manual analysis was used which, although time 
consuming, ensured that the data was relevant and of high quality. This is because the 
operator acts as a filter, only choosing events that are of specific interest (Laureshyn, 2010). 
In each ambiguous yielding situation the yielding response of the vehicle was observed. A 
yield was defined as an approaching vehicle allowing a pedestrian or group of pedestrians to 
cross over the roadway by either stopping completely or decelerating in a clearly observable 
manner. A non-yield was defined as an approaching vehicle continuing through the roadway 
despite the presence of a pedestrian or group of pedestrians at the side of the roadway.  
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Cyclists were excluded from the yielding analysis. This was because there was a clear, 
observable difference between the behaviour of cyclists and the behaviour of vehicle drivers. 
In the three sites no cyclists were observed yielding to pedestrians by stopping or slowing to 
allow them to cross.  
In addition to the yielding response of the vehicle, six explanatory variables were recorded in 
each ambiguous yielding situation: 
 Pedestrian Presence – the presence of a pedestrian or group of pedestrians in the 
roadway; 
 Vehicle Behind Presence – the presence of another vehicle behind the oncoming 
vehicle; 
 Vehicle in Front Presence – the presence of another vehicle in front of the oncoming 
vehicle; 
 Pedestrian Assertiveness – whether the pedestrian(s) places a foot in the roadway as 
the vehicle is approaching; 
 Vehicle Type – private car, taxi, van, motorbike or bus; and  
 Pedestrian Number – the number of pedestrians waiting at the side of the roadway to 
cross over. 
These variables were chosen based on existing research into vehicle yielding behaviour at un-
signalised crosswalks (Sun et al., 2003; Schroeder and Rouphail, 2011). Legislation typically 
gives pedestrians right of way at un-signalised crosswalks, but not all motorists comply with 
this. This uncertainty over who has right of way is characteristic of shared space schemes and 
provides an opportunity to examine the factors that influence vehicle yielding behaviour.  
The 'Pedestrian Presence' variable was included in the model as Schroeder and Rouphail 
(2011) found that if a pedestrian from a previous event was still present in the crosswalk, 
vehicles were 3 times as likely to yield to a pedestrian(s) standing at the side of the crosswalk. 
The inclusion of the 'Vehicle Behind Presence' and Vehicle in Front Presence' variables was 
also informed by Schroeder and Rouphail (2011) who found that if vehicles travel in a 
platoon, they are 50% less likely to yield to a pedestrian(s) at the side of the crosswalk. 
Pedestrian assertiveness was the strongest yielding predictor in Schroeder and Rouphail's 
(2011) research, with vehicles 5.5 times more likely to yield to an assertive pedestrian at the 
side of the crosswalk than a non-assertive pedestrian. Sun et al. (2003) found that vehicle type 
had a significant effect on yielding behaviour, with large vehicles like trucks and buses having 
a higher yielding probability than smaller private cars. Finally, Sun et al. (2003) found that 
48 
 
pedestrian number had a significant effect on yielding behaviour, with vehicles more likely to 
yield to larger groups of pedestrians.  
Several variables which Schroeder and Rouphail (2011) and Sun et al. (2003) found had a 
significant effect on yielding behaviour were not recorded in the shared space sites. For 
example, Schroeder and Rouphail (2011) found that the speed of oncoming vehicles was 
statistically significantly lower in yielding events than non-yielding events. Vehicle speed was 
not recorded by the researcher due to a lack of resources. Speed measurement would have 
required additional researchers and additional cameras or speed measurement devices. In 
addition, Sun et al. (2003) found that age had a statistically significant effect on yielding 
behaviour, with older drivers more likely to yield to pedestrians than younger drivers. Driver 
age was not recorded in this study as it was difficult to accurately measure. The glare of the 
windscreen of oncoming vehicles often made it impossible to see inside the vehicle. Finally, 
both Sun et al. (2003) and Schroeder and Rouphail (2011) found that the yielding behaviour 
of the driver travelling in the opposite direction had a significant effect on yielding probability. 
The three shared space sites in this study all have one-way directions of traffic flow.  
3.3.2 Yielding Analysis 
Binary logistic regression was used to produce models for both vehicle yielding (discussed in 
this section) and pedestrian gap acceptance (discussed in Section 3.3.3). Binary logit was 
chosen because it allows the influence of various variables on yielding and gap acceptance 
behaviour to be measured. Since only two decisions are made in each model: yield/ non yield; 
gap accepted/ gap rejected, a binary logit model was considered appropriate. 
Logistic regression models assume that there is a linear relationship between continuous 
predictors and the logit of the outcome variable (Field, 2013). One continuous variable was 
included in the yielding regression models, pedestrian number. In order to test whether the 
assumption of linearity of logit was met for pedestrian number, the interaction term between 
this variable and its log transformation was calculated in the three sites (Table 3.8). 
Table 3.8 - Statistical significance of the interaction term between pedestrian number and its 
log transformation 
Site Interaction term significance 
Seven Dials .838 
New Bond Street .565 
Holbein Place .038* * p < 0.05 
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A statistically significant interaction term indicates that the main effect has violated the 
assumption of linearity of the logit (Hosmer and Lemeshow, 1989). The interaction term was 
non-statistically significant in New Bond Street and Seven Dials (p>0.05), indicating that the 
assumption of linearity of the logit has been met in these samples (Table 3.8). This meant that 
pedestrian number could be included as a continuous variable in the New Bond Street and 
Seven Dials models. The interaction term was statistically significant in Holbein Place 
however (p<0.05), indicating that the assumption of the linearity of the logit has been violated 
in this sample (Table 3.8). This meant that pedestrian number could not be included as a 
continuous variable in the Holbein Place model. In order to include pedestrian number in this 
model, the data was converted into categories. Four categories of pedestrian number were 
used: 1 pedestrian, 2-5 pedestrians, 6-10 pedestrians and 11-15 pedestrians.  
Due to pedestrian number being included as a continuous variable in New Bond Street and 
Seven Dials and a categorical variable in Holbein Place, different utility functions were used. 
The utility function for the New Bond Street and Seven Dials yielding logit models is given 
below: 
U1   α + β1 Pres + β2 Behind + β3 Front + β4 Assert + β5 Number + β6 D1 + β7 D2 + β8 D3 + 
β9 D4 + ε 
Where:  
 U1 – the utility of drivers yielding or not yielding; 
 α – constant; 
 β1 - β9 – coefficients; 
 β Pres – Pedestrian Presence; 
 β Behind – Vehicle Behind Presence; 
 β Front – Vehicle in Front Presence; 
 β Assert – Pedestrian Assertiveness; 
 β Number – Pedestrian Number and 
 β D1 - β D4 – Vehicle Type dummy variables: 'Taxi', 'Van', 'Motorbike', 'Bus'. 
 
The utility function for the Holbein Place yielding logit model is given below: 
 
U1   α + β1 Pres + β2 Behind + β3 Front + β4 Assert + β5 D1 + β6 D2 + β7 D3 + β8 D4 + β9 D5 
+ β10 D6 + β11 D7  + ε 
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Variables as New Bond Street and Seven Dials logit models except for: 
 
 β D5 - β D7 – Pedestrian Number dummy variables: '2-5 Pedestrians', '6-10 
Pedestrians', '11-15 Pedestrians'. 
 
'Pedestrian Presence', 'Vehicle Behind Presence', 'Vehicle in Front Presence' and 'Pedestrian 
Assertiveness' are dichotomous categorical variables so could be implemented into the 
regression models without alteration. 'Vehicle Type' has more than two categories 
necessitating the use of dummy variables. The reference category for 'Vehicle Type' was 
'Private Car' and the dummy variables were 'Taxi', 'Van', 'Motorbike' and 'Bus'. 'Pedestrian 
Number' was included as a categorical variable in the Holbein Place model. The reference 
category was '1 Pedestrian' and the dummy variables were '2-5 Pedestrians', '6-10 Pedestrians' 
and '11-15 Pedestrians'.  
 
In order to analyse the performance of the binary logit models, pseudo R² values were 
examined. Pseudo R
2
 values are similar to the R² value in linear regression models in that they 
indicate the substantive statistical significance of the model. They do not have the same 
strength in measuring variance though, so the results should be interpreted with more caution 
(Field, 2013). Cox and Snell (1989) and Nagelkerke (1991) developed two pseudo R² 
statistics that can be used to understand how much of the variance in the dependent variable 
can be explained by the regression model. Cox and Snell's R² is based on the log-likelihood of 
the model, the log-likelihood of the original model (the model when only the constant is 
included), and the sample size. It is limited in that it cannot reach the theoretical maximum 
value of 1. Nagelkerke's R² allows R² to reach its maximum value, therefore was selected to 
analyse yielding behaviour in this research.  
 
P-values were calculated to analyse whether each independent variable had a statistically 
significant effect on yielding behaviour. A statistically significant p-value (p<0.05) indicates 
that the respective variable has a statistically significant effect on yielding behaviour.  
 
In order to interpret statistically significant variables, the odds ratios were calculated. Odds 
ratios predict the probability of an event occurring based on a one-unit change in an 
independent variable, when all other variables are kept constant (Field, 2013). An odds value 
greater than 1 indicates that as the independent variable increases, the odds of the outcome 
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occurring increase. An odds value less than 1 indicates that as the independent variable 
increases, the odds of the outcome occurring decrease. 
3.3.3 Pedestrian Gap Acceptance Behaviour 
Footage from Holbein Place only was used to analyse pedestrian gap acceptance behaviour. 
This is because Holbein Place is a smaller site than New Bond Street or Seven Dials, making 
it possible to clearly observe vehicles' full approach to the shared space and to accurately 
estimate the gap size from the vehicle to the pedestrian(s) from a single observation. New 
Bond Street and Seven Dials are larger sites than Holbein Place, with longer sections of 
shared space, making it more difficult to clearly observe vehicles approach to the shared space. 
This made estimation of the size of the gap from the vehicle to the pedestrian(s) too 
problematic for further analysis to be conducted.  
A total of 564 gap acceptance events were observed in Holbein Place from 3 hours of video 
footage taken on the 5/5/13 and 6/5/13. Situations were analysed in which a pedestrian or 
group of pedestrians were looking to cross over the roadway as a vehicle was on the approach 
to the roadway. If the pedestrian or group of pedestrians crossed the roadway then it was 
recorded as an accepted gap. If they chose to remain at the side of the roadway and wait for 
the vehicle then it was recorded as a rejected gap.  
In addition to the gap acceptance response of the pedestrian, seven independent variables 
were recorded in each gap acceptance situation: 
 Pedestrian Presence – see yielding variables; 
 Pedestrian Number – see yielding variables; 
 Vehicle Type – see yielding variables; 
 Pedestrian Wait – whether pedestrians wait at the side of the roadway before deciding 
whether to cross; 
 Pedestrian Gender; 
 Pedestrian Age – '0-34 years', '35-59 years', '60 years and over'; and 
 Gap Size – the estimated size of gap from the vehicle to the pedestrian(s), '0-5 metres', 
'5-10 metres', '10-15 metres', '15-20 metres'.  
These variables were chosen based on existing literature on pedestrian gap acceptance 
behaviour. For example, Sun et al. (2003) found a statistically significant association between 
pedestrian number and the probability of gap acceptance. As the number of pedestrians 
waiting at the side of the roadway to cross increased, the probability of gap acceptance 
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decreased. Additionally, several studies (e.g. Brewer et al., 2006; Oxley et al., 2005) found 
that pedestrian age was associated with gap acceptance behaviour. Yannis et al. (2013) found 
that men accepted larger gaps than women, and that increased waiting times reduced the 
probability of gap acceptance. Yannis et al. (2013) also found gap size to be the strongest 
predictor of gap acceptance behaviour, with pedestrians more likely to accept larger gaps. 
Additionally, they found that vehicle type affected gap acceptance behaviour, with larger 
vehicles reducing the probability of gap acceptance.  
The presence of another pedestrian(s) in the roadway was included in the model despite no 
evidence in the literature of a direct association with gap acceptance behaviour. Despite this, 
the literature suggests that there is an association between the presence of another pedestrian(s) 
at the side of the roadway and gap acceptance behaviour, so the presence of pedestrian(s) in 
the roadway was recorded.   
As in the yielding analysis, vehicle speed was not included in the model, despite evidence 
suggesting it has a significant effect on gap acceptance behaviour (e.g. Kadali et al., 2015). 
As discussed earlier, this was due to the practicalities of measuring this variable.   
Five of the gap acceptance predictor variables: pedestrian presence, pedestrian number, 
vehicle type, pedestrian wait and pedestrian gender could be objectively measured and 
recorded. However, the measurement of pedestrian age and gap size required a level of 
subjectivity. This may have reduced the accuracy of the measurement - especially for cases 
around the boundaries of the variable categories. For example, it is difficult to determine, at 
the moment of a decision being taken, whether a moving vehicle approximately 4-6 metres 
from a pedestrian is in the 0-5 metre gap size group or the 5-10 metre gap size group. 
However, existing research (e.g. Yannis et al., 2013; Brewer et al., 2006; Oxley et al., 2005) 
suggested that these variables have a statistically significant effect on pedestrian gap 
acceptance behaviour. Their measurement and classification, however approximate, was 
therefore judged to be worthwhile. In order to measure gap size as accurately as possible, a 
scaled map of Holbein Place was used, with road features marked on. The location of the 
pedestrians and vehicles was determined based on their position relative to known features. 
As in the yielding model, there was one continuous variable in the gap acceptance model, 
pedestrian number. The interaction term between pedestrian number and its log 
transformation was calculated to test whether the assumption of linearity of logit was met. 
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The interaction term was non-significant (p>0.05), indicating that the assumption of linearity 
of the logit was satisfied, and therefore pedestrian number could be included as a continuous 
variable in the gap acceptance model.  
3.3.4 Gap Acceptance Analysis 
Binary logistic regression was used to analyse how much of the variance in pedestrian gap 
acceptance behaviour could be accounted for by the independent variables.  
The utility function for the gap acceptance logit model is given below: 
U1   α + β1 Pres + β2 Num + β3 Wait + β4 Gen + β5 D1 + β6 D2 + β7 D3 + β8 D4 + β9 D5 + β10 
D6 + β11 D7 + β12 D8 + β13 D9 + ε 
Where:  
 U1 – utility of pedestrian(s) accepting a gap or not accepting a gap;  
 α – constant; 
 β1 - β13 – Coefficients; 
 β Pres – Pedestrian Presence; 
 β Num – Pedestrian Number; 
 β Wait – Pedestrian Wait; 
 β Gen – Pedestrian Gender; 
 β D1 - β D4: Vehicle Type dummy variables; 'Taxi', 'Van', 'Motorbike', 'Bus'; 
 β D5 - β D6: Pedestrian Age dummy variables; '35-59 Years', '60 Years and Over'; and 
 β D7 - β D9: Gap Size dummy variables; '5-10m', '10-15m', '15-20m'. 
Of the six categorical variables, three – 'Vehicle Type', 'Pedestrian Age' and 'Gap Size' had 
more than two categories. In order to include these variables in the logit model, dummy 
variables were used. The reference category for 'Vehicle Type' was 'Private Cars' and the 
dummy variables were 'Taxi', 'Van', 'Motorbike' and 'Bus'. The reference category for 
'Pedestrian Age' was '0-34 Years' and the dummy variables were '35-59 Years' and '60 Years 
and Over'. The reference category for 'Gap Size' was '0-5 Metres' and the dummy variables 
were '5-10m', '10-15m' and '15-20m'.   
The pseudo R² values were examined to analyse the performance of the gap acceptance logit 
models. In order to assess the contribution of the independent variables, the p-values and 
odds-ratios were calculated (as for the yielding model described in Section 3.3.2). 
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3.4 Conclusion 
The methodology outlined in this chapter evidenced clear differences in the design, traffic and 
pedestrian characteristics of several shared space sites. According to the criteria outlined by 
MVA Consultancy (2010), Blackett Street was the most shared of the four sites; however this 
was not visible in the observed yielding behaviour of drivers, or in the post-encroachment 
time of pedestrian-vehicle encounters. The behaviour of drivers in Blackett Street is likely to 
be linked to the traffic, which is composed entirely of working vehicles - vans, taxis and buses 
(Table 4.3). Working drivers are likely to have greater pressure on their time than the drivers 
of private vehicles, so may be expected to be less likely to display courteous behaviour - as 
evidenced by the non-yielding behaviour in Blackett Street. In order to further examine the 
factors that influence pedestrian and vehicle behaviour in shared space environments, vehicle 
yielding and pedestrian gap acceptance behaviour were analysed. The results of this analysis 
are presented in Chapter 4, and help to substantiate the findings of MVA Consultancy (2010).  
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Chapter 4: An Examination of Pedestrian-Vehicle Interactions in Shared 
Spaces  
4.1 Introduction 
The objective of this chapter is to examine the behavioural parameters that characterise 
pedestrian-vehicle interactions in urban road environments and to test the hypothesis that 
there are certain design and traffic characteristics that can elicit cooperative behaviour 
between road users. The methods described in Chapter 3 are applied and the results of the 
analyses are presented. The chapter begins by examining the variation in vehicle behaviour in 
several shared space sites by recording vehicle speed. In order to test whether there is a link 
between vehicle speed and pedestrian behaviour, post-encroachment time (PET) is measured 
in section 4.3. Vehicle yielding and pedestrian gap acceptance behaviour are examined in 
sections 4.4 and 4.5, and predictive models are developed using logistic regression. These 
models are a function of driver and vehicle attributes including gender and type of vehicle, 
pedestrian characteristics including assertiveness and age, and traffic conditions including the 
size of the gap between vehicles. The chapter finishes with a conclusion on pedestrian-vehicle 
interactions in shared space sites. 
The four sites analysed in this chapter: Blackett Street in Newcastle upon Tyne, Seven Dials 
and Holbein Place in London and New Bond Street in Bath represent different examples of 
urban road environment. Holbein Place, New Bond Street and Blackett Street are single lane 
link roads. Traffic flow in Holbein Place and Seven Dials is one-way, whereas Blackett Street 
has alternating flows of traffic. Seven Dials is a small road junction where seven one-way 
single lane streets converge. The sites were selected as they contain observable characteristics 
that were defined by MVA consultancy (2010) as suggestive of more shared road design (See 
Chapter 3.1).  
Analysing pedestrian-vehicle interactions in a range of urban environments with different 
pedestrian, vehicle and design characteristics will determine which attributes can contribute to 
accommodating behaviour between road users, and identify the components of effective 
shared space design.  
4.2 Vehicle Speed 
Three shared space sites in the UK were selected for analysis: Blackett Street in Newcastle 
upon Tyne, Seven Dials in Covent Garden, London and Holbein Place in Sloane Square, 
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London. Vehicle behaviour was examined in the sites by measuring space-mean vehicle speed 
using the methodology outlined in chapter three. 
Table 4.1 - Vehicle speed characteristics  
Site Date; Time No. of 
Vehicles 
Mean Average 
Speed (mph) 
85
th
 Percentile 
Speed (mph) 
Blackett 
Street 
1/2/13; 11.00-
12.00 
148 13.92 16.52 
Seven Dials 3/1/13; 14.30-
15.10 
114 7.13 9.15 
Holbein 
Place 
9/2/13; 15.00-
16.00 
216 9.87 11.86 
 
Table 4.1 indicates variation in vehicle behaviour across the three sites, with different mean 
average and 85
th
 percentile vehicle speeds. Mean average and 85
th
 percentile speeds are 
highest in Blackett Street and lowest in Seven Dials. In order to examine whether the 
difference in vehicle speed is statistically significant, a statistical test of variance was used. 
The normality of the distribution of vehicle speeds was tested using histograms, the skewness 
and kurtosis values and the Kolmogorov-Smirnov and Shapiro-Wilk Tests. The histograms 
indicate that of the three sites, vehicle speeds in Seven Dials are the most normally distributed 
(Appendix 4B). Speeds in Blackett Street are negatively skewed (Appendix 4A) and speeds in 
Holbein Place are positively skewed (Appendix 4C). The distribution of speeds in Holbein 
Place is also heavy-tailed compared to a normal distribution. This was supported by the tests 
of skewness and kurtosis (Appendix 4D), which indicated a leptokurtic distribution of speeds 
in Holbein Place and a negatively skewed distribution of speeds in Blackett Street. 
As a final test of normality, the Kolmogorov-Smirnov (K-S) and Shapiro-Wilk (S-W) tests 
were performed on the speed data (Appendix 4D). Both Blackett Street and Holbein Place had 
significant (p<0.05) K-S and S-W tests, indicating that both distributions were significantly 
different from a non-normal distribution. Seven Dials had non-significant (p>0.05) K-S and 
S-W tests, indicating that the distribution is not significantly different from a normal 
distribution. 
In summary, the analysis indicated a mixture of normally and non-normally distributed data, 
necessitating the use of a non-parametric statistical test of variance. The Mann-Whitney test 
has therefore been used to compare two groups of vehicle speeds in several studies. For 
example, Jevtic et al. (2015) used the Mann-Whitney test to compare motorcycle speeds. 
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Furthermore, Helmer (2014) used the Mann-Whitney test to establish whether there are 
differences in vehicle impact speeds in pedestrian collisions. The Mann-Whitney test can be 
used with unequal sample sizes and does not assume that the distributions of the samples are 
similar in shape (Field, 2009), therefore it was suitable to compare the speed samples.  
Three Mann-Whitney tests were run on the speed samples to test the hypothesis that there is a 
statistically significant difference in vehicle speeds between the sites. 
The three tests were highly statistically significant (p<0.001), indicating that the null 
hypothesis can be rejected and the alternative hypothesis is accepted (Table 4.2). In order to 
identify the direction of this difference, the mean ranks were examined. For test one, Blackett 
Street had a higher mean rank than Holbein Place, indicating that vehicle speeds are 
significantly higher in Blackett Street than Holbein Place. For test two, Holbein Place had a 
higher mean rank than Seven Dials, indicating that vehicle speeds are significantly higher in 
Holbein Place than Seven Dials. For test three, Blackett Street had a higher mean rank that 
Seven Dials, indicating that vehicle speeds are significantly higher in Blackett Street than 
Seven Dials.  
As discussed in Chapter 3, junctions are more complex environments than link roads, with 
more interaction between vehicles. It was hypothesised that as a junction vehicle speeds 
would be lower in Seven Dials and the analysis has shown this to be correct - vehicle speeds 
are significantly lower in Seven Dials than in Holbein Place or Blackett Street. 
Table 4.2 - Mann-Whitney test of variance in vehicle speed 
Test  Site 1 (mean 
rank) 
Site 2 (mean 
rank) 
r Test Stat. Sig. 
1 Holbein Place 
(127) 
Blackett Street 
(264) 
-.637 3994.0 .000 
2 Holbein Place 
(199) 
Seven Dials 
(102) 
-.488 5016.5 .000 
3 Blackett Street 
(186) 
Seven Dials 
(61) 
-.818 384.5 .000 
 
4.2.1 Fleet Composition 
The statistical analysis indicated that there are significant differences in vehicle speed 
between the three sites. In order to explore the potential causes of this difference, the vehicle 
fleets were examined (Table 4.3). The fleet compositions demonstrate clear differences 
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between the sites. The flow of vehicles on Blackett Street is dominated by buses, which 
comprise 69% of the vehicle fleet. No buses were observed using Seven Dials or Holbein 
Place. Vehicle flow on Seven Dials is dominated by taxis which comprise 66% of the fleet 
and vehicle flow in Holbein Place is dominated by private cars which comprise 65% of the 
fleet.  
Table 4.3 - Fleet composition of the three sites 
Site 
Cars Taxis Vans Motorbikes Buses 
Total 
Blackett Street 
0 21 (14%) 25 (17%) 0 102 (69%) 
148 
Seven Dials 
20 (17%) 75 (66%) 19 (17%) 0 0 
114 
Holbein Place 
140 (65%) 59 (27%) 12 (6%) 5 (2%) 0 
216 
In order to examine whether the different fleet compositions affected vehicle speed, each fleet 
was broken down into its component parts, and the average speeds are presented in Table 4.4. 
Table 4.4 - Average fleet speeds of the three sites 
Site 
Mean motorbike 
speed 
Mean car 
speed 
Mean van 
speed 
Mean taxis 
speed 
Mean bus 
speed 
Blackett Street 
N/A N/A 13 mph 13.5 mph 14.2 mph 
Seven Dials 
N/A 6.4 mph 6.8 mph 7.4 mph N/A 
Holbein Place 
11.6 mph 9.7 mph 9.3 mph 10.2 mph N/A 
 
Blackett Street is the only site used by buses and these vehicles comprise the majority of the 
vehicle fleet (Table 4.3). The average speed of buses of 14.2 mph is higher than that of taxis 
or vans in Blackett Street (Table 4.4). In order to examine whether this difference is 
statistically significant (p<0.05), a Mann-Whitney test was used (Table 4.5). A two-tailed, 
non-directional hypothesis was used. H0: there is not a significant difference between the 
speed of buses, taxis and vans; H1: there is a significant difference. 
Table 4.5 - Mann-Whitney test of variance in vehicle speed in Blackett Street 
Vehicle Type 
(mean rank) 
Vehicle Type  
(mean rank) 
r Test Stat. Sig. 
Buses (80) Taxis and Vans (62) -.195 1775.0 .018 
 
The Mann-Whitney test is statistically significant (p<0.05), indicating that the null hypothesis 
can be rejected and the alternative hypothesis is accepted. In order to identify the direction of 
this difference the mean ranks were examined (Table 4.5). The mean rank of 80 for buses is 
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higher than the mean rank of 62 for taxis and vans, indicating that the speed of buses is 
significantly higher than the speed of taxis and vans in Blackett Street.  
This suggests that the different fleet compositions do have a significant effect on the average 
vehicle speeds in the three sites. The presence of buses in Blackett Street has a significant 
effect on the relatively high vehicle speeds in this site (Table 4.1). 
4.3 Post-Encroachment Time 
In order to examine the effects of the different characteristics on pedestrian-vehicle 
interactions, post-encroachment time (PET) was measured using the methodology outlined in 
chapter three (Table 4.6). 
Table 4.6 - PET Characteristics  
Site Date; Time No. of 
PETs 
PET 
rate/hr 
Mean Average PET 
(seconds) 
Blackett Street 1/2/13; 11.00-12.00 33 33 4.00 
Seven Dials 3/1/13; 14.30-15.10 25 37 2.68 
Holbein Place 9/2/13; 15.00-16.00 97 97 2.24 
 
The reasons for the disparity in the number of PETs in each site (Table 4.6) were the different 
pedestrian crossing flows and different video timings. Holbein Place had a pedestrian crossing 
flow of 2200 pedestrians per hour and PETs were recorded for one hour. Seven Dials had a 
pedestrian crossing flow of 900 pedestrians per hour and PETs were recorded for 40 minutes. 
Blackett Street had a pedestrian crossing flow of 1050 pedestrians per hour and PETs were 
recorded for one hour. The low pedestrian crossing flows in Seven Dials and Blackett Street 
relative to Holbein Place means that fewer pedestrians interact with vehicles in the road space 
and there are fewer PETs. Seven Dials has the lowest number of PETs of the three sites due to 
its low pedestrian crossing flow and the shorter recording period of 40 minutes.  
The mean average PETs (Table 4.6) indicate that the post-encroachment time in pedestrian-
vehicle interactions is highest in Blackett Street and lowest in Seven Dials. In order to see if 
this difference is statistically significant, a statistical test of variance was used. The 
distribution of the data was analysed to select the appropriate statistical test. 
The histograms indicate a mixture of normally and non-normally distributed PET values 
(Appendix 4E - Appendix 4G). All distributions are non-skewed, but Seven Dials (Appendix 
4E) and Blackett Street (Appendix 4G) have pointy distributions, indicating a leptokurtic 
distribution. This was supported by skewness and kurtosis values (Appendix 4H), with low 
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skewness values, but high kurtosis values, especially for Blackett Street and Seven Dials. As a 
final test of normality, the Kolmogorov-Smirnov (K-S) and Shapiro-Wilk tests were 
performed on the PET data (Appendix 4H). All K-S and S-W tests were non-significant 
(p<0.05), indicating that there is not a statistically significant difference between the 
distributions of PET values in the three sites and a normal distribution. The K-S and S-W tests 
support the low skewness values across the sites, but do not support the high kurtosis values 
for Blackett Street and Seven Dials. The inconsistency between the K-S and S-W tests and the 
kurtosis values in Blackett Street and Seven Dials may be due to the low PET samples (Table 
4.6).  In order to allow for this inconsistency, both the parametric t-test and non-parametric 
Mann-Whitney test were used to test for significant differences in PET values.  
Both the t-test and the Mann-Whitney test have been used in transportation literature to 
compare measurements of time. For example, Margiotta et al. (2013) used the t-test to 
examine the relationship between highway improvements and travel times. In addition, 
Millward and Spinney (2011) used the Mann-Whitney to test for differences in trip durations 
between non-normally distributed samples of respondents living in different locations. The 
data was highly positively skewed.  
First, the t-test was used to test the hypothesis that there is a statistically significant difference 
in PETs (Table 4.7). 
Table 4.7 - t-test test of variance in PET 
Test  Site 1 Site 2  Levene’s Test 
Sig. 
r df t-value t-test Sig. 
1 Holbein 
Place  
Blackett 
Street  
.339 .542 128 7.297 .000 
2 Holbein 
Place  
Seven 
Dials 
.554 -.260 120 -2.951 .004 
3 Blackett 
Street  
Seven 
Dials  
.336 .691 56 7.153 .000 
  
All three tests had non-significant Levene’s Tests (p<0.05), indicating that the variances of 
the samples are not significantly different. The three t-tests were statistically significant 
(p<0.05), indicating the null hypothesis can be rejected and the alternative hypothesis that 
there is a significant difference between the PETs in Holbein Place, Seven Dials and Blackett 
Street is accepted. In order to identify the direction of this difference, the mean average PET 
values were examined (Table 4.6). For test one, the mean PET is higher in Blackett Street 
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than Holbein Place, indicating that PET’s are significantly higher in Blackett Street. For test 
two, the mean PET is higher in Holbein Place than Seven Dials, indicating that PET’s are 
significantly higher in Holbein Place. For test three, the mean PET is higher in Blackett Street 
PET than Seven Dials PET, indicating that PET’s are significantly higher in Blackett Street. 
In order to verify the findings of the t-test, a Mann-Whitney test of variance was used (Table 
4.8). 
Table 4.8 - Mann-Whitney test of variance in PET 
Test  Site 1 (mean rank) Site 2 (mean rank) r Test Stat. Sig. 
1 Holbein Place (54) Blackett Street (98) -.510 512.0 .000 
2 Holbein Place (65) Seven Dials (48) -.191 880.5 .035 
3 Blackett Street (40) Seven Dials (16) -.682 81.5 .000 
   
In accordance with the t-tests, all three Mann-Whitney tests were significant (p<0.05), 
indicating that there is a significant difference between post-encroachment time in the three 
sites. Mean ranks were examined and these are in agreement with the t-tests, indicating that 
PET’s are significantly higher in Blackett Street than Holbein Place or Seven Dials and 
significantly lower in Seven Dials than Holbein Place.   
These findings suggest that there may be a link between PET and vehicle speed, with Blackett 
Street having the highest PET and highest vehicle speed of the three sites, and Seven Dials 
having the lowest PET and lowest vehicle speed. 
4.3.1 Correlation between Speed and PET  
In order to examine if there is an association between vehicle speed and PET in individual 
pedestrian-vehicle interactions, the speed of the vehicle was measured in each pedestrian-
vehicle interaction and compared to the corresponding PET value. Scatter plots were drawn to 
examine the degree of association between speed and PET (Appendix 4I - Appendix 4K) The 
scatter graphs indicate that there is little association between vehicle speed and PET, with a 
R
2
 value of .031 in Seven Dials (Appendix 4I), a R
2
 value of .0003 in Holbein Place 
(Appendix 4J), and a R
2
 value of .004 in Blackett Street (Appendix 4K). 
This suggests that despite the link between mean average vehicles speeds and mean average 
PETs in the three sites, in individual pedestrian-vehicle interactions there is little association 
between the speed of the vehicle and the post-encroachment time.  
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As discussed, there were differences in the composition of traffic flow in the three sites. The 
prevalence of buses in Blackett Street may be associated with the high PETs relative to Seven 
Dials or Holbein Place. Research by Paulozzi (2005) indicated that compared to cars the 
relative rate of pedestrian fatalities per mile travelled by bus is 7.97. Paulozzi (2005) 
attributed this to buses mainly operating in urban areas, which increases their proximity to 
pedestrians, and to the large mass of buses, which increases the accident fatality risk. The 
increased risk of pedestrian injury from buses may be associated with the higher PETs in 
Blackett Street. If pedestrians perceive themselves to be at greater risk of injury from buses 
they are likely to accept larger gaps when crossing the road. This decreased perception of 
safety may be compounded by the higher speeds of buses in Blackett Street (Table 4.4), and 
these factors may contribute to the higher PETs. 
4.3.2 Implications for the Research 
Preliminary research into vehicle speed and post-encroachment time in three shared space 
sites has indicated that there are significant differences in vehicle and pedestrian behaviour. 
Despite an association between mean average vehicle speeds and mean average PETs in the 
three sites, when vehicle speeds were compared to PETs in individual pedestrian-vehicle 
interactions, little association was found. In order to examine the interactions between 
pedestrians and vehicles in shared space environments in more detail, vehicle yielding and 
pedestrian gap acceptance behaviour were analysed. 
4.4 Vehicle Yielding Behaviour 
Shared space aims to reduce the dominance of motor vehicles by encouraging accommodating 
behaviour from drivers towards pedestrians (Department for Transport, 2011). In order to 
explore cooperative behaviour in shared space environments, vehicle yielding behaviour was 
observed. In theory, if vehicles and pedestrians were sharing across all encounters it would be 
expected that in 50% of interactions drivers would give way to pedestrians, and in 50% of 
interactions pedestrians would give way to drivers (MVA Consultancy, 2010).  
 
MVA Consultancy (2010) found significant differences in vehicle yielding behaviour, with 
yielding rates varying from 5% in London Road, Southampton, to 53% in Elwick Square, 
Ashford. They suggested that differences in traffic characteristics were associated with the 
different yielding rates. At sites with average speeds of more than 16 mph, significantly fewer 
vehicles gave way to pedestrians, compared to sites with average speeds below 16mph. There 
were also significantly lower yielding rates if there was another vehicle present in front of or 
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behind the encounter vehicle. Pedestrian characteristics were associated with yielding 
behaviour, with the number of pedestrians in the carriageway having a significant effect on 
yielding behaviour. Finally, the site characteristics affected yielding behaviour, with low 
levels of demarcation between the roadway and footway associated with higher rates of 
yielding. 
4.4.1 Analysis of Yielding Behaviour in Shared Space Sites  
In order to corroborate these findings and further examine the observable factors that 
influence vehicle yielding behaviour, pedestrian-vehicle interactions were observed in 
Holbein Place, Seven Dials and New Bond Street, Bath. Blackett Street was omitted from the 
yielding analysis because no vehicle yielding behaviour was observed in footage recorded on 
the 1/2/13. Yielding behaviour was identified in the footage taken from Seven Dials and 
Holbein Place on the 3/1/13 and 8/2/13, therefore these sites were selected for the yielding 
analysis. An additional site, New Bond Street, Bath was selected for analysis, as research 
from MVA Consultancy (2010) indicated that vehicle yielding behaviour was present in this 
site.   
In order to analyse yielding behaviour, video footage was gathered from the three sites in May 
2013 and August 2013 (Table 4.9). Ambiguous yielding situations were observed in which a 
pedestrian or group of pedestrians arrived at the side of the roadway at the same time as a 
vehicle was approaching. In such a situation the pedestrian(s) have indicated that they want to 
cross the roadway, and the driver is aware of the pedestrian(s) intentions and must decide to 
yield or carry on through the roadway (Schroeder and Rouphail, 2011).   
Table 4.9 – Vehicle Yielding Characteristics 
Site Date; Time No. of Yielding Situations Yielding Rate 
Seven Dials 9/8/13: 14.00-16.00; 
10/8/13: 12.00-14.00 
182 7% 
New Bond Street 31/8/13: 10.00-12.30 378 5.6% 
Holbein Place 5/5/13: 15.00-16.30; 
6/5/13: 11.00-12.30; 
7/8/13: 15.00-17.30 
828 16.3% 
 
Each of the sites has different pedestrian flows, traffic attributes and design and physical 
characteristics (Chapter 3), which together are likely to influence the interactions between 
vehicles and pedestrians. This can directly be observed through the varying yielding rates 
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(Table 4.9). The widths of the roadway and footway in the sites were examined in Chapter 3 
(Table 3.4), and their implications for the balance between vehicle and pedestrian priority 
were discussed. Holbein Place has the widest footway relative to the roadway of the sites, 
indicating greater pedestrian priority, and this can be observed in the yielding behaviour of 
motorists. Over twice as many drivers yielded to pedestrians in ambiguous yielding situations 
in Holbein Place than either Seven Dials or New Bond Street, supporting the assertion that 
pedestrians have improved priority over vehicles.  
In order to examine the influence of the different site characteristics on yielding behaviour, 
the yield response of the vehicle was recorded in each ambiguous yielding situation, along 
with data describing the driver and vehicle attributes, pedestrian characteristics and the traffic 
conditions. Binary logistic regression was used to analyse the influence of these observable 
variables (Chapter 3). 
Tables 4.10, 4.11 and 4.12 present the regression models in Holbein Place, Seven Dials and 
New Bond Street.  
Table 4.10 – Holbein Place Yielding Regression Model 
 
Variable Significance Odds Ratio 
S
t
e
p
 
1
a
 
Pedestrian Presence .106 2.140 
Vehicle type reference category (private cars)  .032  
Vehicle type dummy variable 1 (taxi) .107 .643 
Vehicle type dummy variable 2 (van) .209 .639 
Vehicle type dummy variable 3 (motorbike) .008 .209 
Pedestrian Number .000 1.186 
Car in Front .624 .782 
Car Behind .219 1.312 
Pedestrian Assertiveness .000 6.344 
Driver Gender .144 1.510 
 
Table 4.11 – Seven Dials Yielding Regression Model   
Variable Significance Odds Ratio 
S
t
e
p
 
1
a
 
Pedestrian Presence .308 2.160 
Vehicle type reference category (private cars)  .934  
Vehicle type dummy variable 1 (taxi) .998 .000 
Vehicle type dummy variable 2 (van) .938 .946 
Vehicle type dummy variable 3 (motorbike) .511 .473 
Pedestrian Number .991 .998 
Car Behind .774 .789 
Car in Front .952 .945 
Pedestrian Assertiveness .009 5.065 
 
 
 
R
2
 = 0.28 
R
2
 = 0.19 
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Table 4.12 – New Bond Street Yielding Regression Model 
 
Variable Significance Odds Ratio 
S
t
e
p
 
1
a
 
Pedestrian Presence .918 1.123 
Vehicle type reference category (private cars)  .538  
Vehicle type dummy variable 1 (taxi) .274 .293 
Vehicle type dummy variable 2 (van) .191 3.090 
Vehicle type dummy variable 3 (motorbike) .999 .000 
Vehicle type dummy variable 4 (bus) .998 .000 
Pedestrian Number .074 1.218 
Car in Front .510 .452 
Car Behind .095 2.543 
Pedestrian Assertiveness .000 27.765 
Driver Gender .755 1.241 
 
The R
2 
values for the models indicate that the New Bond Street model accounts for the most 
variability in driver yielding behaviour (Table 4.13). The relatively high R
2
 of New Bond 
Street could be misleading though, as most of the performance of the model is accounted for 
by a single variable: pedestrian assertiveness. In New Bond Street an assertive pedestrian 
increased the chance of a driver yield by 27.8 times compared to 6.3 times in Holbein Place 
and 5.1 times in New Bond Street. Pedestrian assertiveness is the only statistically significant 
variable in New Bond Street, whereas in Holbein Place both type of vehicle and pedestrian 
number had a significant effect on vehicle yielding behaviour (p<0.05). In Holbein Place each 
additional pedestrian standing at the side of the road increased the chance of a vehicle yield 
by 1.2 times, and motorbikes were five times less likely to yield to yield to pedestrians than 
the reference category of private cars. These results suggest that the Holbein Place model is 
more complete than the New Bond Street model, despite its lower R
2 
value. The Seven Dials 
model accounts for least variability in driver yielding behaviour as it has the lowest R
2
 value 
and only one statistically significant variable (Table 4.14). 
Table 4.13 – Summary of significant variables in yielding regression models  
Site Variable Sig. Odds Ratio R² Value 
Holbein Place Pedestrian Assertiveness .000*** 6.344 0.28 
 Pedestrian Number .000*** 1.186  
 Motorbike Vehicle Type .008** .209  
New Bond Street Pedestrian Assertiveness .000*** 27.765 0.42 
Seven Dials Pedestrian Assertiveness .009** 5.065 0.19 
Note: ** p<0.01 *** p<0.001 
 
R
2
 = 0.42 
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4.4.2 Comparison with MVA Consultancy (2010) 
The research on vehicle yielding behaviour can be used to corroborate the findings of MVA 
Consultancy (2010). 
MVA Consultancy (2010) found that yielding rates were significantly higher in sites with 
mean average vehicle speeds of above 16 mph. The mean average vehicle speed in New Bond 
Street was 12.8 mph (MVA Consultancy, 2010), and the mean average vehicle speeds in 
Holbein Place and Seven Dials were 9.9 mph, and 7.1 mph respectively (Table 4.1). All of 
these speeds fall below the 16 mph threshold suggested by MVA Consultancy (2010), but 
there does appear to be some association between yielding behaviour and vehicle speed, with 
New Bond Street having the highest mean average speed and the lowest yielding rate.  
MVA Consultancy (2010) also found that yielding behaviour was associated with the 
presence of another vehicle in front of and behind the encounter vehicle. However this was 
not supported by the regression analysis, with the 'Car in Front' and 'Car Behind' variables 
having a non-significant effect (p>0.05) on yielding behaviour in the three models (Tables 
4.10 - 4.12). Furthermore, MVA Consultancy (2010) found that the presence of other 
pedestrians in the roadway had a significant effect on yielding behaviour, but the 'Pedestrian 
Presence' variable was non-significant (p>0.05) in the three models (Tables 4.10 - 4.12).  
MVA Consultancy (2010) found that the level of demarcation was associated with yielding 
behaviour, with sites with low levels of demarcation having significantly higher yielding rates. 
Out of the three shared space sites Holbein Place had lowest level of demarcation (Chapter 3) 
and the highest yielding rate, supporting MVA Consultancy (2010). However, New Bond 
Street had a lower level of demarcation than Seven Dials (Chapter 3), but a lower yielding 
rate.    
Pedestrian assertiveness was not observed in MVA Consultancy (2010), but was included in 
the regression models as Schroeder and Rouphail (2011) found that it was the strongest 
predictor of yielding behaviour at un-signalised pedestrian crossings. Accordingly it was the 
strongest yielding predictor in New Bond Street, Holbein Place and Seven Dials, with an 
assertive pedestrian who places a foot in the roadway as the vehicle is approaching 
significantly more likely to elicit a yield response. Pedestrian number was also found to have 
a significant effect on vehicle yielding in the Holbein Place model. 
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The comparison of the findings of MVA Consultancy (2010) and this research suggests that 
there are inconsistencies between the two studies. Several of the variables that had a 
significant effect on yielding behaviour in MVA Consultancy (2010) were non-significant in 
the yielding regression models. This may be due to different methodologies. MVA 
Consultancy (2010) defined yielding as any encounter in which the vehicle stopped or slowed 
to allow the pedestrian to pass whether the pedestrian is at the side of the road or already in 
the road. In the yielding analysis carried out in this research vehicles were only judged to have 
yielded if they slowed or stopped to allow pedestrians who were waiting at the side of the 
roadway to cross over. This resulted in higher rates of yielding in MVA Consultancy (2010) 
than in this research. For example, MVA Consultancy (2010) recorded a yielding rate of 55% 
in Seven Dials, compared to 7% in this research. The higher yielding rates in MVA 
Consultancy (2010) may be associated with the greater number of significant predictor 
variables. 
Despite the lower rates of yielding in this research, as compared to MVA Consultancy (2010), 
pedestrian characteristics still had a significant effect on yielding behaviour. An assertive 
pedestrian who steps out into the carriageway as the vehicle is approaching or walks quickly 
on their approach to the carriageway is significantly more likely to elicit a yield response.  
4.5 Pedestrian Gap Acceptance Behaviour 
As discussed, MVA Consultancy (2010) found that 69% of pedestrians gave way to vehicles 
in encounters. This finding was supported by the research into vehicle yielding behaviour in 
the case study sites. In ambiguous yielding situations the majority of pedestrians waited to see 
if the vehicle yielded to them or not. Vehicles were the proactive agents in the yielding 
decision-making process. In order to examine pedestrian behaviour in shared space schemes, 
pedestrian gap acceptance behaviour was analysed. 
Pedestrian gap acceptance behaviour was analysed using footage taken from Holbein Place 
only (Table 4.14). Holbein Place was used as the layout of the site gave an unobstructed view 
of oncoming traffic, making it possible to estimate the size of the gap from the pedestrian(s) 
to the oncoming vehicle. In Seven Dials and New Bond Street the view of oncoming traffic 
was obstructed, meaning it was not possible to estimate gap size. Research from Sun et al. 
(2003) indicated that along with the number of pedestrians and the age of pedestrians, gap 
size was the most important variable in pedestrian gap acceptance models. 
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Table 4.14 - Pedestrian gap acceptance characteristics 
Site Date; Time No. of 
Recordings 
Gap Acceptance 
Rate 
Holbein Place 5/5/13: 15.00-16.30; 
6/5/13: 11.00-12.30; 
564 63% 
  
4.5.1 Holbein Place Model 
In each gap acceptance situation the decision of the pedestrian was recorded along with data 
describing the pedestrian characteristics, vehicle attributes and traffic conditions. Out of a 
total of 564 gap acceptance situations, 354 were accepted and 210 were rejected. Binary 
logistic regression was used to analyse the effect of observable variables on gap acceptance 
behaviour (Table 4.15). Four of the predictor variables were statistically significant at the 0.05 
level of probability: pedestrian presence, pedestrian gender, pedestrian wait and gap size. The 
presence of a pedestrian(s) in the roadway increased the chance of gap acceptance by 2.5 
times, female pedestrians were two times less likely to accept a gap than males, and if a 
pedestrian was forced to wait at the side of the roadway before deciding whether to accept a 
gap, then the chance of gap acceptance is reduced by seven times. To analyse the effect of gap 
size on gap acceptance, gaps of 0-5 metres were chosen as the reference category. Compared 
to this, a gap of 5-10m is 5 times as likely to be accepted, a gap of 10-15m is 33 times as 
likely to be accepted, and a gap of 15-20m is 86 times as likely to be accepted. The model had 
a R
2
 value of 0.5 indicating that around 50% of the variance in gap acceptance behaviour can 
be accounted for by the observed variables.  
Table 4.15 - Holbein Place Gap Acceptance Regression Model 
 
Variable Significance Odds Ratio 
 Pedestrian Presence .000 2.662 
Pedestrian Number .375 1.191 
Age reference category (0-34 years) .493  
Age dummy variable 1 (35-59 years) .399 .815 
Age dummy variable 2 (60 years +) .293 .671 
Pedestrian Gender .001 .449 
Pedestrian Wait  .000 .140 
Gap Size reference category (0-5 metres) .000  
Gap Size dummy variable 1 (5-10 metres) .000 4.550 
Gap size dummy variable 2 (10-15 metres) .000 32.612 
Gap size dummy variable 3 (15-20 metres) .000 85.858 
Vehicle type reference category (private cars)  .217  
Vehicle type dummy variable 1 (taxi) .084 .594 
Vehicle type dummy variable 2 (van) .203 .480 
Vehicle type dummy variable 3 (motorbike) .769 1.157 
R
2
 = 0.5 
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4.5.2 Critical Gap Model 
Sun et al. (2003) defined a critical gap as the minimum average gap that is accepted by half of 
all the pedestrians. The critical gap concept has mainly been used in traffic capacity 
calculation (Archer, 2004), but could be useful in this research because it represents the 
situations in which the influence of gap size as a predictive variable is least significant. This 
makes it easier to observe the influence of other predictive variables in the regression model.  
The critical gap in the gap acceptance model is the 5-10m gap. 49% of pedestrians accepted 
this gap and 51% rejected it. To examine the influence of observed variables on gap 
acceptance for gaps of 5-10 metres, binary logistic regression was used (Table 4.16). The 
critical gap model had a R
2
 of 0.32. The improvement in the predictive capacity of the critical 
gap model compared to the null model was 19.4%. This represents an improvement compared 
to the regression analysis carried out on the Holbein Place model minus the gap size variable, 
which had a R
2
 of 0.18 and an improvement in predictive capacity of 5.6%. 
Table 4.16 - Critical Gap Acceptance Regression Model 
 
Variable Significance Odds Ratio 
 Pedestrian Presence .000 4.923 
Pedestrian Number .154 1.563 
Age reference category (0-34 years) .188  
Age dummy variable 1 (35-59 years) .145 .578 
Age dummy variable 2 (60 years +) .139 .423 
Pedestrian Gender .010 .389 
Pedestrian Wait  .001 .226 
Vehicle type reference category (private cars)  .650  
Vehicle type dummy variable 1 (taxi) .451 .681 
Vehicle type dummy variable 2 (van) .470 .588 
Vehicle type dummy variable 3 (motorbike) .462 1.767 
 
Pedestrian presence, pedestrian gender and pedestrian wait were all significantly significant as 
yielding predictors in the critical gap model (Table 4.16). If there are pedestrians present in 
the roadway then there is a 4.9 times greater chance of gap acceptance; if pedestrians wait at 
the side of the roadway before deciding whether to cross they are five times less likely to 
accept a gap, and females are 0.4 times less likely to accept a gap than males. The odds ratios 
for the pedestrian wait and pedestrian gender variables are similar to those in the original 
Holbein Place gap acceptance model (Table 4.15), however there is a difference in the 
strength of the pedestrian presence variable. Pedestrian presence is almost twice as strong a 
predictor variable in the critical gap model as in the Holbein Place model. This may be linked 
to the distorting effect pedestrian presence has on gap acceptance behaviour. The visible 
R
2
 = 0.32 
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presence of pedestrians in the roadway as vehicles approach the area of shared space in 
Holbein Place could cause the driver to slow or stop, creating a gap for other pedestrians to 
cross over. The strength of pedestrian presence in the critical gap model suggests that drivers 
are most influenced by other pedestrians in the roadway when they are between 5-10 metres 
from the shared space. 
In order to isolate the effect of pedestrian presence, gap acceptance situations with pedestrians 
present and with no pedestrians present were analysed separately for the Holbein Place model 
(Table 4.17 and Table 4.18). In 254 gap acceptance situations there were no pedestrians 
present in the roadway and in 310 situations there were other pedestrians present. The gap 
acceptance rate for situations with no other pedestrians present was 50%, and the gap 
acceptance rate for situations with other pedestrians present was 73%. 
Table 4.17 – No Pedestrians Present Gap Acceptance Regression Model 
Variable Significance Odds Ratio 
 Pedestrian Number .153 1.507 
Age reference category .752  
Dummy 1. .764 1.119 
Dummy 2. .453 1.562 
Pedestrian Gender .004 .350 
Wait Time .000 .167 
Gap Size reference category .000  
Dummy 1. .027 2.816 
Dummy 2. .000 31.283 
Dummy 3. .997  
Vehicle reference category  .102  
Dummy 1. .025 .333 
Dummy 2. .274 .284 
Dummy 3. .674 1.467 
 
Table 4.18 – Pedestrians Present Gap Acceptance Regression Model 
Variable Significance Odds Ratio 
 Pedestrian Number .617 .869 
Age reference category .132  
Dummy 1. .236 .666 
Dummy 2. .053 .385 
Pedestrian Gender .037 .496 
Wait Time .000 .113 
Gap Size reference category .000  
Dummy 1. .000 6.487 
Dummy 2. .000 43.619 
Dummy 3. .000 38.026 
Vehicle reference category  .897  
Dummy 1. .890 .941 
Dummy 2. .623 .676 
Dummy 3. .586 1.415 
 
R
2
 = 0.57 
R
2
 = 0.41 
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The 'No Pedestrians Present' model (Table 4.17) had a R
2
 value of 0.57 and the 'Pedestrians 
Present' model (Table 4.18) had a R
2
 value of 0.41. There was an improvement in the 
predictive capacity of the no pedestrian’s present model of 28.7% compared to the null model. 
The improvement in the predictive capacity of the pedestrian’s present model was 5.8%. 
These results indicate that at the point in which pedestrians decide whether to cross the 
roadway, if there are no other pedestrians present in the roadway, other variables in the model 
take on greater significance in the pedestrian decision making process than if there are 
pedestrians present in the roadway. 
4.5.3 Summary 
In summary, the analysis of gap acceptance behaviour in Holbein Place has indicated that 
observable variables may have more influence on pedestrian behaviour in shared space sites 
than on vehicle behaviour. The research is limited by use of only one study site, but the 
results indicate that around half of the variance in gap acceptance behaviour can be accounted 
for by observable variables. This compares to R
2
 values of between 0.19 and 0.42 for the three 
vehicle yielding models.  
The strongest gap acceptance predictor is gap size. The strength of this variable is intuitive as 
pedestrians cross a street based on their individual perceptions of speed and distance of the 
nearest vehicle. In order to examine the performance of the gap acceptance model without the 
gap size variable, the critical gap of 5-10 metres was analysed independently. There was 
reduction in the R
2
 value from 0.5 in the Holbein Place model to 0.32 in the critical gap model, 
but the influence of pedestrian presence as a predictor variable increased. The strength of 
pedestrian presence in the critical gap model may be due to the distorting effect on vehicle 
behaviour. In order to isolate the effect of pedestrian presence, gap acceptance situations with 
and without pedestrians present were analysed separately. The R
2 
values indicated that in 
situations with no pedestrians present in the roadway, 57% of the variance in gap acceptance 
behaviour can be accounted for by observable variables.    
4.6 Conclusion 
The preliminary research in this chapter indicated that there may be a link between vehicle 
speed and pedestrian-vehicle interactions in shared space sites, with lower speeds associated 
with lower post-encroachment times. In order to further understand pedestrian-vehicle 
interactions in shared space environments, two behavioural parameters were identified: 
vehicle yielding and pedestrian gap acceptance. Data collected from several shared space sites 
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in the UK was combined with logistical regression analysis to develop predictive models of 
these parameters.  
Though the R
2
 values for all the yielding models are low, this is expected as the models only 
used observable data, and unobservable factors such as whether the driver is in a rush or 
whether they are courteous towards other road users are likely to account for a significant 
degree of the variation in yielding behaviour. 
The R
2
 values are higher in the gap acceptance models, but still around half of the variation in 
gap acceptance behaviour is not accounted for by the observed factors. Research evidence e.g. 
Schroeder and Rouphail (2011); Geruschat and Hassan (2005) and Kadali et al., (2015) 
indicated that vehicle speed has a significant effect on yielding and gap acceptance behaviour, 
and future research should examine the possibility of measuring vehicle speed in yielding and 
gap acceptance situations to improve the performance of the models.
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Chapter 5: Acorn Road Methodology 
5.1 Introduction 
This chapter outlines the methodology used to evaluate changes in public perceptions and 
crossing behaviour after the development of a suburban commercial street, from a 'classical' 
design, with a clearly demarcated roadway, to a more shared-space approach. The road 
selected for this analysis was Acorn Road in Newcastle upon Tyne as it represents a 'typical' 
mixed-use high street, allowing the findings to be transferred to other examples of this road 
environment. 
The next section of the chapter describes the changes in Acorn Road in more detail, outlining 
the construction of three raised platforms of shared space and the methodology used to 
measure and analyse the changes in vehicle flow is described. Section 5.3 presents the 
attitudinal research. The sampling methodology is reviewed and the factor analyses carried 
out before and after the development are described. In addition, the methods of comparing the 
before and after survey data are explained. Section 5.4 reviews the observational research 
used in Acorn Road, including the analysis of pedestrian crossing behaviour and vehicle 
yielding behaviour. It discusses the statistical tests used to measure changes in crossing 
behaviour. The chapter finishes with a short conclusion on the limited introduction of shared 
space in Acorn Road.   
5.2 The Development of Acorn Road 
The purpose of this section is to outline the development of Acorn Road from a clearly 
demarcated road into a traffic calmed street with elements of shared space.  
5.2.1 Introduction 
Acorn Road is a shopping street in the residential suburb of Jesmond, north of the centre of 
Newcastle upon Tyne (Figure 5.1). It is connected to the B1600 (Osborne Road), a 
commercial street to the east, to St Georges Terrace, which contains a mixture of commercial 
and residential properties to the west, and to Larkspur Terrace and Sanderson Road, both 
residential streets to its centre (Figure 5.2). It is 170 metres long, and has a vehicle speed limit 
of 20mph. 
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Figure 5.1 – Map showing the location of Acorn Road in Newcastle upon Tyne 
 
Figure 5.2 – Map showing the road network in the area surrounding Acorn Road 
 
 
 
Prior to its development, Acorn Road exhibited many of the features defined in Department 
for Transport (2011) as being characteristic of less shared road design. It had raised kerbs, 
conventional road markings, signal controlled crossings and uncontrolled, on-street parking 
allowed in both directions (Figure 5.3). Vehicle flow was two-way.   
The stated objective of the Acorn Road development was to create a better environment for 
walking and cycling by making changes to the road layout to reduce traffic (Newcastle City 
Council, 2014). This objective informed the two main features of the development: the 
 
Source: Google (2016e.) 
Acorn Road 
Source: Streetmap (2017) 
Direction of traffic flow before and after development 
Direction of traffic flow after development 
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construction of three raised platforms of shared pedestrian and vehicle space and the 
conversion of Acorn Road into a one-way street (Figure 5.4). Construction of improvements 
to Acorn Road began in September 2015 and were completed in December 2015. 
Figure 5.3 – Acorn Road prior to development looking west from the Osborne Road junction 
towards St. Georges Terrace 
 
Throughout this thesis before and after are used a shorthand to refer to the base and post-
development cases of Acorn Road. These common reference points are used to assist the 
reader. 
Figure 5.4 – Acorn Road after development looking west from the Osborne Road junction 
towards St. Georges Terrace 
 
The development of Acorn Road involved changes to the land use, parking regulations and 
layout of the street. These can be observed in Figure 5.5 and 5.6. 
 
 
Source: Author's own photograph 
Source: Author’s photograph 
Source: Author's own photograph 
Source: Author’s photograph 
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1. Tesco 
2. Acorn Takeaway 
3. Nudo Sushi Box 
4. Gourmet Gifts 
5. Little Hippo Takeaway 
6. Boiler House Hair Salon 
7. Timpson 
8. David H Barbers 
9. Peak Boutique Clothes 
10. Acorn Hardware 
11. Conservatory Clothes 
12. Fraser Grant Estate Agents 
13. Johnsons Dry Cleaners 
14. Lloyds Bank 
15. Oxfam 
16. Barclays 
17. Signature Estate Agents 
18. Hays Travel 
19. Coral 
20. Evans Opticians 
21. Adriano's Deli 
22. Greggs 
23. Archer's Ice Cream 
24. Groves Estate Agents 
25. Jules B Clothes 
26. Clean & Press Drinks 
1 
2 3 4 5 6 
7 8 9 10 11 12 13 
14 
15 16 17 18 19 20 21 22 23 24 26 25 25 
Figure 5.5 - Acorn Road layout, parking regulations and land use before development 
Vehicle Parking Bay 
Shops 
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Figure 5.6 - Acorn Road layout, parking regulations and land use after development 
 
1. Tesco 
2. Acorn Takeaway 
3. Nudo Sushi Box 
4. Gourmet Gifts 
5. Acorn Deli 
6. Boiler House Hair Salon 
7. Timpson 
8. David H Barbers 
9. Peak Boutique Clothes 
10. Acorn Hardware 
11. Conservatory Clothes 
12. Fraser Grant Estate Agents 
13. Johnsons Dry Cleaners 
14. Vacant 
15. Oxfam 
16. Barclays 
17. Signature Estate Agents 
18. Hays Travel 
19. Coral 
20. Evans Opticians 
21. Adriano's Deli 
22. Greggs 
23. Navaho Coffee 
24. Groves Estate Agents 
25. Jules B Clothes 
26. Clean & Press Drinks  
1 
2 3 4 5 6 7 8 9 10 11 
12 13 
14 
15 16 17 18 19 
20 21 22 23 24 25 25 26 
Vehicle Parking Bay 
Shops 
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Though the majority of shops did not change after the development there were several 
changes. Shop number 5 changed ownership from The Little Hippo Takeaway before 
development (Figure 5.5) to the Acorn Road Deli after development (Figure 5.6). Shop 
number 14 was occupied by Lloyds Bank before development, but became vacant after 
development. Finally, shop number 23 changed ownership from Archer's Ice Cream before  
development to Navaho Coffee after development  
The development of Acorn Road changed the distribution of parking bays on the street. 
Before development, the parking bays were concentrated to the west and centre of the street, 
with only one parking bay on the eastern side of the street (Figure 5.5). In order to 
accommodate the main raised platform of shared space, the number of parking bays in the 
centre of the street were reduced after the development, with the bays redistributed to the 
eastern side of the street (Figure 5.6) 
The layout of Acorn Road changed considerably after the development, with the introduction 
of three raised platforms of shared space and a change in the width of the roadway and 
footway (Figure 5.5 and 5.6). These changes are discussed in more detail in the next section. 
5.2.2 Raised Platforms of Shared Space 
The first feature of the development of Acorn Road was the construction of three platforms of 
shared vehicle and pedestrian space (Figure 5.7 and Figure 5.8). The main raised platform is 
100 metres long. The raised platform at the western end is 13 metres long and the raised 
platform at the eastern end is 10 metres long. 
Figure 5.7 – Map of the western half of Acorn Road after development 
 
Section 2 
Section 1 
© Crown Copyright 2014 
 
Source: Newcastle City Council (2014) 
Section 3 
Main Raised Platform Western Raised Platform 
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Figure 5.8 – Map of the eastern half of Acorn Road after development 
 
The construction of the raised platforms altered the width of the roadway and the width of the 
footway in Acorn Road. In order to display the changes in roadway and footway width, Acorn 
Road was split into six sections and the widths were recorded before and after development 
from scaled maps of the street (Figure 5.7 and Figure 5.8). The widths are displayed in Table 
5.1 and Table 5.2. 
The general trend was a decrease in the width of the roadway, and an increase in the width of 
the footway after the development of Acorn Road. In five out of the six sections, the width of 
the roadway was decreased after the development (Table 5.1), whilst the widths of eight out 
of the twelve sections of footway were increased after the development (Table 5.2).  
Table 5.1 - The width of the roadway before and after the development of Acorn Road  
 Section Section 
Length  
Covered by 
Raised Platform 
Before Roadway 
Width  
After Roadway 
Width  
1 7.1m Yes 8.5m 4.8m 
2 28.1m No 8.6m 8.2m 
3 50m Yes 8.3m 6.5m 
4 50m Yes 7.7m 6.5m 
5 24.8m No 7.7m 8.3m 
6 10m Yes 10.0m 6.9m 
 
 
 
Section 5 Section 4 © Crown Copyright 2014 
 
Source: Newcastle City Council (2014) 
Main Raised Platform Eastern Raised Platform 
Section 6 
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Table 5.2 - The width of the footway before and after the development of Acorn Road 
Section  Direction Covered by 
Raised Platform 
Before Footway 
Width  
After Footway 
Width  
1 North Yes 4.0m 5.4m 
1 South Yes 2.0m 3.8m 
2 North No 4.1m 4.0m 
2 South No 1.9m 2.0m 
3 North Yes 2.2m 3.0m 
3 South Yes 1.8m 2.4m 
4 North Yes 2.1m 2.4m 
4 South Yes 2.1m 3.0m 
5 North No 2.2m 1.8m 
5 South No 2.0m 1.9m 
6 North Yes 2.2m 2.0m 
6 South Yes 4.4m 7.0m 
 
The greatest change in the width of the roadway and footway after the development of Acorn 
Road was in sections 1, 3, 4 and 6. This was due to the construction of three raised platforms 
of shared space. All these sections were covered by the raised platforms after the development 
(Table 5.1 and 5.2). In order to allow the construction of the main raised platform, vehicle 
parking was reduced in sections 3 and 4. In section 3, vehicle parking was only retained on 
the southern side of the road (Figure 5.7). In section 4, vehicle parking was only retained on 
the northern side of the road (Figure 5.8).  
The three raised platforms are particularly significant to this PhD research as they are an 
example of the concept of shared space. A picture of the main platform is displayed in Figure 
5.9. MVA Consultancy (2010) proposed a ‘shared space rating’ based on a set of nine 
observable characteristics. In order to examine the level of demarcation between the roadway 
and the footway in Acorn Road, the three raised platforms were rated based on these 
observable characteristics (Table 5.3 and Table 5.4). 
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Figure 5.9 - The main platform of shared space in Acorn Road looking east towards Osborne 
Avenue 
 
Table 5.3 – Acorn Road Design Characteristics 
Site Kerb Surface 
Colour 
Crossing 
Points 
Road 
Markings 
Traffic 
Lights 
Bollards Guard 
Rails 
Street 
Lights 
Acorn Road No High  Yes Yes Yes Yes No Yes 
Table 5.4 – Acorn Road Public space characteristics 
Site Cafes/ Markets Benches Greenery Public Art 
Acorn Road Yes Yes Yes No 
 
The raised platforms score lowly on the shared space rating, with a score of 11 points, lower 
than the shared space ratings of the four sites outlined in Chapter 3, Holbein Place, Seven 
Dials, Blackett Street and New Bond Street, which had scores of 27, 20, 29 and 24 
respectively. This suggests that Acorn Road represents a quasi-shared space scheme, with 
some reduction in demarcation between vehicle and pedestrian areas, but vehicle and 
pedestrian movement still largely segregated.  
Original plans for the development of Acorn Road were more in keeping with the concept of 
shared space design, with a reduction in vehicle parking helping to reduce demarcation. A 
public consultation conducted by Newcastle City Council came out in favour of developing 
Acorn Road based on the original plans (Newcastle City Council, 2014), but construction was 
delayed by two petitions from residents, traders and users of Acorn Road. These petitions 
Source: Author's own photograph 
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opposed the development, citing widespread concern at the proposed loss of 10 parking 
spaces in Acorn Road, and the change from a two-way to one-way traffic flow (Higgins, 
2015).  
Taking these concerns into account, Newcastle City Council gave the go-ahead in July 2015 
for an amended design which retained all but one of the original parking spaces, and reduced 
traffic flow from two-way to one-way. Construction began in September 2015 and finished in 
December 2015.  
This has implications for this research and the findings should be interpreted in the context of 
a limited introduction of shared space, which still maintains a level of demarcation between 
pedestrian and vehicle areas.  
5.2.3 Measurement of Vehicle Flow  
The second feature of Acorn Road's development was the change in the flow of traffic from a 
two-way to one-way flow. The change in flow, combined with the raised platforms of shared 
space were designed to have a traffic calming effect (Newcastle City Council, 2014).  
The effectiveness of the traffic calming measures was assessed by measuring vehicle speed 
and volume before and after the development. Speed and volume were measured for 24 hours 
a day consecutively from the 17
th
 January 2014 to the 23
rd
 January 2014 before the 
development and from the 24
th
 February 2016 to the 1
st
 March 2016 after the development. 
As discussed by Kaparias et al. (2015), new road layouts typically have 'settling down' period 
which may not be reflective of long-term behaviour. The after survey of crossing flow was 
conducted less than three months after the development was completed, which may have had 
a bearing on the results.   
All vehicles passing over a spot location on Acorn Road were recorded using a pneumatic 
tube measuring device. The location of the device was on the western half of Acorn Road 
(Figure 5.10). The same location was used before and after the development to provide an 
accurate comparison. Two pneumatic tubes were attached to the counter and the time interval 
between a vehicle axel hitting the first tube and the same axel hitting the second tube was 
used to determine the speed of the vehicle. Volume was measured using the first tube, with 
each vehicle moving over the tube passing an air impulse to the counter. 
 
 
83 
 
Figure 5.10 – Map of Acorn Road prior to development 
 
Automatic data collection devices such as pneumatic tubes are suitable for all-vehicle 
sampling as they allow the collection of large amounts of data, and workers are only required 
to install and recover the data collection equipment (Pande and Wolshon, 2016). There are 
external factors that can affect the quality of the data collected by pneumatic tubes, for 
example extremes of weather and high flows of large vehicles (Pande and Wolshon, 2016). 
Temperatures in the two data collection periods were not extreme, with a low of 1°C and a 
high of 7°C in the before data collection period, and a low of -3°C and a high of 12°C in the  
after data collection period. There were high flows of large vehicles in the two periods 
however, with 27% of the total flow of vehicle traffic in the before period and 38% of the 
flow in the after period composed of large or heavy goods vehicles or buses. In spite of these 
issues, studies of pneumatic tubes found that though they can produce high levels of error in 
15 minute counts, the average error in a daily traffic count is close to zero (McGowen and 
Sanderson, 2011). McGowen and Sanderson (2011) suggested that in daily counts, the level 
of error is masked by positive and negative counting errors cancelling each other out. Traffic 
flow was measured for a seven-day period before and after the development, using the same 
pneumatic tube device, therefore there would be no potential for the introduction of 
systematic errors arising from the use of two different pieces of equipment.  
5.2.4 Analysis of Vehicle Speed 
In order to test whether there is a statistically significant difference in the two distributions of 
vehicle speed, a Pearson's chi-square test was used. A chi-square test was used as speed was 
recorded as a categorical variable, with the data grouped into 5mph bins. The Pearson's chi-
square test examines whether there is an association between two categorical variables. Using 
the degrees of freedom, the chi-square statistic can be compared to the chi-square distribution 
to determine the significance value. A statistically significant result (p<0.05) would indicate 
that there is an association between vehicle speed before and after the development of Acorn 
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Road, and the pattern of speeds is significantly different (Field, 2013). A two-tailed, non-
directional hypothesis was used. H0: there is not a significant difference in the distribution of 
vehicle speeds before, compared to after development; H1: there is a significant difference in 
the distribution of vehicle speeds. 
Before performing a chi-square test on the two speed samples, the two assumptions of the test 
were checked. The first assumption is that of independence. For the chi-square test to be 
meaningful, the two sets of data must be independent of each other (Field, 2013). There was a 
gap of over two years between the two speed samples, which should ensure that the data is 
independent. 
The second assumption is that of expected frequencies. In chi-square contingency tables, no 
expected values should be below five. If this assumption is broken, the power of the chi-
square test is reduced (Field, 2013). Vehicle speed categories ranged from '0-<6mph' to '46-
<51mph'.  However, both speed distributions were positively skewed, with few speeds in the 
higher categories. The two highest speeds bins: '41-<46mph' and '46-<51mph' had expected 
frequencies less than 5, violating the second assumption of the chi-square test. The two speed 
bins were merged to produce one speed bin: '41-<51mph', however the expected frequencies 
were still below five; so the two highest speed bins were removed from the chi-square test.  
A statistically significant chi-square test can be broken down using standardised residuals. 
The value of the standardised residual can be used to assess the statistical significance of the 
error between the observed and expected frequencies. If the value is outside of ± 1.96 then it 
is statistically significant at p < .05, if it is outside of ± 2.58 then it is statistically significant at 
p < .01 and if it is outside of ± 3.29 then it is statistically significant at p < .001 (Field, 2013). 
5.3 Attitudinal Research  
The objective of the attitudinal research was to examine if the development of Acorn Road 
affected how road users perceive the environment. 
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5.3.1 Survey Design 
At the start of the survey respondents were asked a series of introductory questions regarding: 
 frequency of use of Acorn Road as a pedestrian, motorist and cyclist;  
 trip purpose; 
 frequency of use of Acorn Road (for shopping, meeting friends or family, personal 
business, leisure purposes and commuting);  
 how often they visit Acorn Road in the day-time and night-time;  
 whether they work in Acorn Road;  
 their main mode of travel to Acorn Road;  
 how much time they will spend in Acorn Road on this trip;  
 how far they live from Acorn Road; and 
 how long they have lived in the local area.  
These introductory questions were used to build up a profile of the respondents to establish if 
there are any differences in the attitudes of different types of user. The main part of the survey 
consisted of 29 statements designed to measure attitudes towards Acorn Road. A seven point 
Likert scale was used to provide a range of responses to a mixture of positively and negatively 
phrased statements (Cohen et al., 2000). A value of one indicated that the respondent strongly 
agreed with the statement and a value of seven indicated that they strongly disagreed. The 
balance of positively and negatively phrased statements helped to counteract the effects of a 
response set: the tendency of respondents to respond in similar ways to successive items 
regardless of their context (Sim and Wright, 2000).  
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The statements are listed below:  
1. Acorn Road is a noisy street;  
2. I feel safe crossing the road; 
3. It is not safe to leave your bicycle;  
4. Whilst chatting to friends in Acorn Road I feel safe;  
5. Acorn Road is poorly-suited for disabled people; 
6. Traffic congestion is a major problem;  
7. Drivers are very inconsiderate to pedestrians;  
8. Pedestrian crossings are located conveniently;  
9. Acorn Road is a thriving retail area;  
10. The footpaths are wide enough for pedestrians;  
11. Cyclists are safe on Acorn Road;  
12. Pedestrians and cyclists are considerate to each other;  
13. I’d use Acorn Road more if there was less traffic;  
14. Pedestrians and vehicles are considerate to each other;  
15. Vehicles travel too fast;  
16. Cyclists and vehicles are considerate to each other;  
17. I often stop to talk to friends and family on Acorn Road; 
18. Acorn Road is quiet during the night;  
19. Antisocial behaviour is a major problem on Acorn Road;  
20. Acorn Road is an attractive place to visit;  
21. Parked cars make it very difficult to cross Acorn Road;  
22. Acorn Road does not meet my everyday shopping needs;  
23. I find the traffic fumes unpleasant;  
24. There are not enough parking spaces on Acorn Road;  
25. Acorn Road has a calm atmosphere;  
26. I feel safe walking around Acorn Road;  
27. I trust drivers to slow down when I cross Acorn Road;  
28. Acorn Road is a clean street; and  
29. There are not enough green spaces on Acorn Road.  
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The statements were designed to reflect the various purposes of shared space design outlined 
by Karndachuruk (2013) and MVA Consultancy (2009).  
The statements were grouped into six categories: 
 Statements 1, 18, 19, 20, 25, 28 and 29 relate to the perceived ambience of Acorn Road’s 
environment; 
 Statements 7, 12, 14, 16, 17, and 27 relate to the perceived interactions between Acorn 
Road users; 
 Statements 2, 3, 4, 11, and 26 relate to the perceived safety of pedestrians and cyclists;  
 Statements 6, 13, 15, 23 and 24 relate to the perceived dominance of vehicles in Acorn 
Road; 
 Statements 5, 8, 10 and 21 relate to the perceived freedom of movement in Acorn Road; 
and 
 Statements 9 and 22 relate to the perceived economic vitality of Acorn Road.  
At the end of the survey respondents were asked questions regarding their ethnicity, 
occupation and age, and their gender was recorded. These questions were used to examine if 
demographic and socio-economic characteristics have a statistically significant effect on 
attitudes towards Acorn Road. They were also used to analyse the mixture of demographic 
and socio-economic characteristics in the survey sample.  
5.3.2 Survey Pilot 
A pilot of the survey was carried out by the researcher on the 28/7/14. A total of 30 responses 
were collected. The pilot was used to trial the survey methodology, and determine how many 
responses could be collected in a single day. As discussed by Bryman (2012), pilots allow the 
researcher to determine the adequacy of the instructions to the interviewer. In the pilot, each 
attitudinal statement was read out to the respondents, who were asked to indicate how 
strongly they agreed, or disagreed with the statements by giving a Likert score of one to seven. 
This method was found to be impractical, with respondents often asking for statements to be 
repeated. In addition, a number of respondents were unclear on the Likert scale used to score 
each statement. In light of this, a crib sheet was printed out and laminated, containing a list of 
the 29 attitudinal statements and the Likert scores. This was given to each participant in the 
survey, and helped to speed up the questionnaires, and clarify the scoring system.  
Pilot studies can also be used to identify questions that make respondents feel uncomfortable 
(Bryman, 2012). In the pilot survey, the ethnicity, occupation and age questions were 
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presented at the start of the survey. This made a number of respondents uncomfortable, who 
subsequently declined to take part in the rest of the survey. By moving these demographic 
questions to the end of the survey, the response-rate improved, and in the event of a non-
response, the replies to the introductory questions and the attitudinal statements could still be 
used.  
5.3.3 Data Collection 
A total of 1000 people were sampled in a face-to-face on-street survey. All surveys took place 
on Acorn Road to ensure that participants were familiar with the street, and able to answer 
questions regarding their perceptions of the environment. 500 people were surveyed before 
the development of Acorn Road and 500 people were surveyed after the development. The 
sample size of 1000 was selected after time and sampling error considerations. As discussed 
by Bryman (2012), as sample size increases, sampling error decreases. In order to increase the 
representativeness of the sample, a large sample size was used. Bryman (2012) suggested that 
as sample size increases up to around 1000, the reductions in sampling error are noticeable. 
However after samples of 1000, increases in size result in less pronounced reductions in 
sampling error. The choice of sample size was also informed by time considerations. A pilot 
of the methodology, with the researcher working alone for a single day, suggested that a 
practical maximum for the number of surveys that could be completed in a given day was 30. 
Due to weather delays and other practicalities it took around two months to complete both the 
before and after surveys. The time constraints of this PhD meant that it was not possible to 
extend the sample size beyond 1000. 
Respondents were sampled using quota sampling, a non-probabilistic sampling methodology, 
based on known characteristics (Bryman, 2012). The mix of ethnicity, occupation, age and 
gender in the survey sample was compared to 2011 Census data for Newcastle upon Tyne 
(Office for National Statistics, 2011), and participants were selected to ensure the survey 
sample matched the census data as closely as possible.  
As discussed by Bryman (2012), several criticisms have been made of quota sampling. 
Though it reflects the population in terms of superficial characteristics such as age and gender, 
the interviewer may be biased towards choosing people they perceive to be friendly. A quota 
sample was used in this research to ensure the surveys were completed in a relatively short 
time period. Though probability sampling via random selection can reduce sampling error and 
produce more accurate samples, creating a sample that is representative of the general 
population is time-consuming (Bryman, 2012).      
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The surveys took between 2 minutes and 24 minutes to complete, with a mean completion 
time of 6 minutes. The surveys were structured, with closed questions to standardise both the 
questioning and the recording of answers, reducing error and improving the accuracy of the 
survey (Bryman, 2012). Different surveyors were employed to carry out the survey, so the 
standardised questions helped to ensure that any variation in the responses was due to true 
variation between the participants rather than variation in the interview context. Structured 
surveys also allowed the responses to be aggregated, which is important to this research as it 
allowed attitudes before and after the development of Acorn Road to be accurately compared.  
The before survey took place over a seven week period, from the 31/7/14 to 18/9/14. The 
after survey took place over an eight week period from the 8/3/16 to the 4/5/16. All surveys 
were carried out between 9am and 7pm. The after survey took place three months after 
construction was finished to allow time for the scheme to 'settle down' and road users to get 
used to the changes. 
Two locations on Acorn Road were used to survey respondents (Figure 5.10). Location 1 is 
on the northern side of Acorn Road, outside of a Tesco store. It has a high pedestrian footfall 
and the majority of the surveys were carried out here. Location 2 is on the southern side of 
Acorn Road. It was used as an alternate location when more than one surveyor was employed 
on Acorn Road. The majority of surveys were carried out by the researcher, but on occasion 
additional PhD students from Newcastle University were used to survey respondents. These 
surveyors were fully briefed before undertaking the surveys, to ensure they were familiar with 
the questions and the aims of the survey. 
5.3.4 Sampling Analysis 
As discussed, the demographic and socio-economic characteristics of the participants was 
recorded in the survey and the sample was matched to 2011 Census data from the 
metropolitan district of Newcastle upon Tyne. Census data for the whole of Newcastle upon 
Tyne was used instead of local census data for the North Jesmond electoral ward as there is 
evidence that a considerable number of people use Acorn Road but do not live in North 
Jesmond. After the original proposals for the development of Acorn Road were presented to 
the public two petitions were submitted to Newcastle City Council opposing the development 
(Higgins, 2015). The first of these petitions was from residents, traders and landlords in the 
North Jesmond Ward, but the second was signed by people who do not live in North Jesmond. 
A total of 555 people signed the second petition, suggesting that a considerable number of 
people from outside of North Jesmond use the street regularly and are concerned by potential 
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changes to the it. In light of this it was decided that a city-wide sample would be more 
representative of the range of visitors to Acorn Road. 
It should be noted that there are limitations to using a city-wide sample, as opposed to a 
sample based on census data from the North Jesmond Ward. For example, North Jesmond has 
a disproportionately high number of students, compared to Newcastle upon Tyne as a whole. 
In using a city-wide sample, fewer students will have been sampled in the survey 
proportionally, compared to those living in the North Jesmond Ward. In excluding some 
students from the sample it becomes more difficult to generalise the findings of the study to 
the North Jesmond population. This may have affected the accuracy of the reporting. 
In order to create a sample that accurately represented the users of Acorn Road before and 
after its development, a random sampling approach could have been used. Producing a 
completely random sample would be difficult as the total sample of people who use the street 
is not known. However, it would be possible to create a partially random sample by randomly 
varying when the survey took place. This could be done by making a list of all the days and 
all the hours in the day when the survey could take place, and selecting a day and an hour at 
random. The surveys would then take place at this randomly selected time. A random sample 
would have the advantage of allowing any changes in the profile of Acorn Road users before 
and after its development to be observed. These changes could then be attributed to aspects of 
the street. For example, an increase in the number of elderly people using the street may be 
attributed to an improvement in the accessibility of the environment. However, due to the 
volume of surveys required before and after the development and the limited resources 
available to the researcher, a random sampling method would not have been practical within 
the time constraints of a PhD.    
In order to analyse the accuracy of the sample, and examine whether there is a statistically 
significant (p<0.05) difference between the proportions of age, gender, occupation and 
ethnicity in the survey sample and the Newcastle upon Tyne census sample, the chi-square 
test was used. A two-tailed, non-directional hypothesis was used in each case. H0: there is not 
a significant difference in the distribution of participant characteristics in the survey, 
compared to the census data; H1: there is a significant difference in the distribution of 
participant characteristics. 
The chi-square test was used as the socio-demographic data is categorical and two 
independent datasets were being compared. A total of sixteen ethnic categories were included 
in the survey. Several of the ethnic categories, notably 'Gypsy' 'Mixed African', 'Bangladeshi' 
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and 'Black Other' had very low samples in the before and after surveys, so to ensure the 
expected frequencies were greater than five, the sixteen ethnic categories were merged into 
six. These six ethnic groups were 'White British', 'White Other', 'Mixed', 'Asian', 'Black' and 
'Other'. Each of the occupational groups had an adequate sample size in the two surveys, so it 
was not necessary to merge the categories. All but one of the fifteen age groups had an 
adequate sample size. There were only two participants aged 90 and above in the after survey 
and no participants in the before survey. In order to increase the sample size and ensure 
expected frequencies are above five, the '90 and above' age group was merged with the '85-89' 
age group to create a '85 and above' age group. 
5.3.5 Attitudinal Analysis 
The analysis of pedestrian attitudes towards Acorn Road focused on the attitudinal statements. 
A seven-point Likert scale was selected instead of a five-point scale to increase the variance 
of the data and to facilitate the analysis. Furthermore, using a seven-point scale reduces the 
risk of interpolation: participants attempting to choose a value between two discrete Likert 
scores. 
In order to analyse the responses to the attitudinal statements, frequency charts were used to 
display the distribution of Likert scores. Statements with responses clustered at the high 
(Likert score of 7) and low (Likert score of 1) extremes were identified from the frequency 
charts. This was done to identify the aspects of Acorn Road's environment that participants 
are particularly satisfied or dissatisfied with. Statements with responses clustered in the 
middle of the Likert scale (Likert score of 4) were also identified from the frequency charts. A 
Likert score of 4 indicates that respondents neither agreed nor disagreed with the statement, 
possibly indicating that a certain aspect of the environment is less important to users. 
5.3.6 Factor Analysis 
The first objective of the factor analysis was to reduce the survey data, grouping the 29 
attitudinal statements to explore whether there are underlying dimensions that characterise 
attitudes towards Acorn Road. The next objective was to examine if these dimensions are 
related to the purposes of shared space design outlined by Karndachuruk (2013), and MVA 
Consultancy (2009).  
Two factor analyses were carried out on the before and after surveys. The before factor 
analysis was used to explore the potential of the development for improving perceptions of 
Acorn Road. For example, the factor analysis may group several statements together that all 
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relate to a particular purpose of shared space design. By examining the distribution of 
responses to these statements it would be possible to gauge whether participants are satisfied 
or dissatisfied with this feature of Acorn Road. If participants are dissatisfied, it may indicate 
that the introduction of shared space could help improve user attitudes. If participants are 
satisfied, it suggests that the introduction of shared space may have less of an impact on 
attitudes. The after factor analysis was used to assess the effects of the development on 
environmental perceptions, and help shape the purposes of shared space design. 
Prior to conducting the two factor analyses the inter-correlations between the Likert Scale 
responses for the 29 attitudinal statements were analysed by examination of the correlation 
matrix. If the statements are measuring the same underlying dimension (attitudes towards 
Acorn Road), their coefficients with other statements should be above .3. Coefficients 
below .3 suggest that a statement does not correlate well with the other statements (Field, 
2009). Any statements with no coefficients above .3 were removed from the analysis. 
Spearman’s correlation coefficients were used as the responses to the attitudinal statements 
were non-normally distributed, and Likert scores are an ordinal scale of measurement.  
A principle component factor analysis was conducted on the before and after surveys with 
orthogonal rotation (varimax). A varimax method of rotation was used to maximise the 
dispersion of loadings within factors, resulting in more interpretable factor clusters (Field, 
2009). The Kaiser-Meyer-Olkin statistic was used as a measure of sampling adequacy, with 
values between 0.8 and 0.9 being classed as ‘great’ by Hutchenson and Sofroniou (1999). In 
order to examine whether the correlations between the statements were large enough to 
conduct a principle component analysis, the Barlett’s test of sphericity was used. This test 
examines whether the group variances are equal and whether there is a correlation between 
the dependent variables in the factor analysis (Field, 2009). A significant test (p<0.05) 
indicates that the correlations between the statements are sufficient.  
In order to select how many factors to retain in the before and after analyses, the scree plots 
were examined. Cattell (1966) argued that the point for selecting factors should be at the 
inflexion of the curve in the scree plot line. The two scree plots for the before and after factor 
analyses were examined, and factors to the left of the point of inflexion were retained. Factor 
analyses were run using this method of factor extraction and the statements that cluster on the 
factors were studied.   
In order to test the reliability of the factor sub-scales, a Cronbach’s alpha analysis was 
performed. Cronbach’s alpha is a measure of internal consistency, and is defined as the 
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estimated correlation of the test with any other test of the same length with similar items 
(Kline, 1986). It is generally considered that alpha values should at least be 0.7 to be regarded 
as satisfactory (Field, 2009; Loewenthal, 2001). 
5.3.7 Correlations between Demographic Characteristics and Attitudes 
The correlations between gender, age, ethnicity and occupation and Likert scores were 
calculated to examine if these characteristics statistically significantly affect attitudes towards 
Acorn Road. The objective of this analysis was to understand the perspectives of different 
sub-groups of the sample population towards aspects of Acorn Road and examine how their 
perceptions may change before and after the development. Academic research evidence on 
the effect of shared space on different demographic groups is currently limited so this analysis 
will help to fill this research gap. 
First, the correlations between age and attitudes were calculated to examine if the age of 
participants has a statistically significant effect on how they perceive Acorn Road. The 
normality of the Likert scale responses was checked using frequency charts, skewness and 
kurtosis values and the Kolmogorov-Smirnov and Shapiro-Wilk tests (Chapters 6 and 7). 
Spearman’s correlation coefficients were used to test the hypothesis that there is a statistically 
significant (p<0.05) correlation between age and attitudes, because both age (measured in 
categories) and Likert scale scores are ordinal variables, and the Likert data is non-normally 
distributed. A two-tailed, non-directional hypothesis was used. H0: there is not a significant 
correlation between age and attitudes; H0: there is a significant correlation.  
The Mann-Whitney test was used to test for statistically significant (p<0.05) differences in the 
perceptions of male and female respondents. A two-tailed, non-directional hypothesis was 
used. H0: there is not a significant difference in the perceptions of male, compared to female 
respondents; H1: there is a significant difference in perceptions. 
The Mann-Whitney test was used because there are two independent samples of male and 
female responses and the data is non-normally distributed. In the case of a statistically 
significant result (p<0.05), mean ranks were examined to determine the direction of the 
difference.  
The Kruskal-Wallis test was used to examine the effect of ethnicity and occupation on 
attitudes towards Acorn Road. The Kruskal-Wallis test was used as there are more than two 
groups of ethnicity and occupation, and each group contains independent Likert scores. A 
statistically significant Kruskal-Wallis test (p<0.05) indicates that the ethnicity or occupation 
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of participants has a significant effect on their attitudes towards Acorn Road. A two-tailed, 
non-directional hypothesis was used. H0: ethnicity/ occupation will not have a significant 
effect on attitudes towards Acorn Road; H1: ethnicity/ occupation will have a significant 
effect. 
In order to follow-up a significant test and examine where the difference in Likert scores lies, 
pairwise comparisons were performed by testing whether there are statistically significant 
(p<0.05) differences between the mean ranks of each ethnicity and occupational group. 
In addition to the demographic and socio-economic questions, each participant was asked a 
series of introductory questions regarding their trip purpose, time spent in, mode of travel to, 
and frequency of use of Acorn Road (Section 5.3.1). These questions were used to build up a 
profile of each respondent, and explore the causes of any statistically significant associations 
between age, gender, ethnicity and attitudes towards Acorn Road. 
5.3.8 Before-After Comparison 
The ultimate objective of the attitudinal research was to examine whether the development of 
Acorn Road had a statistically significant effect on the attitudes of users. In order to achieve 
this objective, statistically significant differences in the distribution of Likert responses before 
and after the development were checked using chi-square tests. The chi-square test was used 
because Likert scales have response categories. The Likert scale data meets the assumptions 
of independence and expected frequencies, so the chi-square test was appropriate. A 
statistically significant chi-square test (p<0.05) would indicate that the pattern of responses to 
an attitudinal statement is statistically significantly different in the before and after surveys. A 
two-tailed, non-directional hypothesis was used. H0: there is not a significant difference in the 
distribution of Likert scores for an attitudinal statement before, compared to after 
development; H1: there is a significant difference in the distribution of Likert scores. 
The chi-square test generates standardised residuals which allow statistically significant tests 
to be broken down to identify which Likert scores contribute to the association. The value of 
the standardised residuals can be used to assess the statistical significance of the error 
between the observed and expected frequencies. Statements which had statistically significant 
(p<0.05) standardised residuals for Likert scores of 1 and 7 were identified, and the sign 
(positive or negative) of the standardised residuals was examined. Positive standardised 
residuals indicate statistically significantly more responses than expected and negative 
standardised residuals indicate statistically significantly fewer responses than expected. By 
examining whether the individual statements were positively or negatively phrased it was 
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possible to use the sign of the standardised residual to identify whether the development of 
Acorn Road has improved perceptions of the street environment or not.  
In addition to attitudinal analysis, several of the introductory questions outlined in Section 
5.3.1 were compared before and after development.  This comparison tested the hypothesis 
that the development of Acorn Road has had a statistically significant (p<0.05) effect on how 
frequently it is used for a variety of purposes, and how much time users spend in the street. 
The responses to these questions were measured on the ordinal level, so statistically 
significant (p<0.05) differences were tested for using the non-parametric Mann-Whitney test 
(Field, 2013). 
5.4 Observational Research 
Observed crossing behaviour can be used to analyse the accessibility and sociability of the 
street environment, and pedestrian’s perceptions of safety. If the start and end points of 
crossing movements are evenly distributed across a space, then it indicates the area is 
accessible to pedestrians. If crossing movements are clustered together into corridors, then it 
suggests that the space may not fully accessible.  
Pedestrian crossing angle can be used to analyse perception of safety. As discussed by Hine 
(1996), high traffic flows can have a severing effect on pedestrian crossing movement, 
resulting in narrower crossing angles. If pedestrians perceive a road as unsafe they may cross 
on a narrow angle, perpendicular to the kerb-edge to minimise the amount of time they spend 
in the road. 
Pedestrian crossing speed can also be used as an indicator of perceptions of safety. As 
discussed by Ishaque and Noland (2008), the greater the risk involved in walking, the higher 
the walking speed will be. Low crossing speeds suggest that pedestrians feel comfortable in 
the roadway and do not need to rush across it. Higher crossing speeds suggest pedestrians feel 
less safe, possibly due to the severing effect of vehicle traffic. 
In order to assess the sociability of the street environment, the number of people crossing the 
road before and after the development was compared. Hampton, Goulet, and Albanesius 
(2015) used the number of people using a space to compute a sociability index, which 
compares the number of people using a space in couples or groups versus those using a space 
on their own. In a longitudinal study of public interactions in three American cities across a 
30 year period, they found a decrease in the overall number of people using a space on their 
own. 
96 
 
5.4.1 Observational Data Collection 
Pedestrian crossing movements were observed using a Sony HDR-CX190E video camera. 
The camera positions were determined by the image resolution of the camera. At distances of 
more than about 60 metres, the image resolution affected observable parallax, limiting the 
practical range for observations from the camera data. In order to reduce the effects of parallax 
error and accurately locate pedestrian crossing movements, street furniture and road markings 
were used to align the movements onto a scaled map of Acorn Road. Acorn Road is 170 
metres long so three video cameras positions were used before and after the development 
(Appendix 5A). Camera position one covered a stretch of road 57 metres in length, camera 
two a stretch 65 metres in length and camera three a stretch 48 metres in length. Video 
cameras 1 and 2 pointed from west to east and video camera 3 pointed from east to west. 
Video footage was gathered in January 2014 and June 2015 before the development of Acorn 
Road (Table 5.5), and in June 2016 after the development (Table 5.6).  
Table 5.5 – Video footage collected before the development of Acorn Road 
Video Camera 
Position  
Footage Date and Time No. of crossing 
movements 
Crossing flow/hr 
1 4
th 
June 2015: 17.10 – 18.10; 5
th
 
June 2015: 12.35 – 13.35  
780 390 
2 30
th
 January 2014: 12.00 – 16.00 560 140 
3 10
th
 June 2015: 11.00 – 13.00 555 278 
 
Table 5.6 – Video footage gathered after the development of Acorn Road 
Video Camera 
Position  
Footage Date and Time No. of crossing 
movements 
Crossing 
flow/hr 
1 7
th
 June 2016: 16.55 – 17.55; 8
th
 June 
2016: 10.55 – 11.05, 11.50 – 12.40  
659 330 
2 8
th
 June 2016: 11.15 – 11.45, 15.35 – 
17.05 
779 390 
3 7
th
 June 2016: 10.50 – 12.20, 16.20 – 
16.50 
358 179 
 
The split in filming between January 2014 and June 2015 before the development was due to 
the difficulty of filming in the area of Acorn Road around camera 2 position (Appendix 5A). 
Before development the pavements were narrow -  approximately 2m in width - in this section 
97 
 
of Acorn Road, making it difficult to position the camera tripod on the pavement so that it did 
not obstruct pedestrian movement. Footage was available from a lamppost mounted video 
camera that was recorded in January 2014, so this was used instead of collecting more footage 
in June 2015. The weather conditions on the 30
th
 January 2014 were overcast and dry with a 
maximum temperature of 4°C. The conditions on the 4
th
, 5
th
 and 10
th
 June were dry and sunny, 
with maximum temperatures of 18°C, 20°C and 19°C respectively. The 15°C average 
difference in temperature between January 2014 and July 2015 is likely to have influenced 
pedestrian crossing behaviour, particularly the speed of crossing movements. A study by 
Montufar et al. (2007) found that pedestrians had a lower crossing walking speed in winter 
than in summer. However, this finding was not supported by Harrell (1991) who found that 
pedestrians exercised greater caution crossing the road when outside temperatures were warm 
rather than cold. This suggests that temperature does have an effect on crossing behaviour, but 
this effect is not be consistent. In light of this, the footage collected from camera position 2 in 
the before data collection period will be highlighted in the analysis process, and the temporal 
inconsistencies will be taken into consideration when interpreting the results.  
After the development of Acorn Road the pavements were widened in the area around camera 
2 position to approximately three metres in width. This made it possible to position the tripod 
on the pavement so that it did not obstruct pedestrian movement. All the after footage was 
collected in June 2016 using the Sony video camera (Table 5.6). The weather conditions on 
the 7
th
 June and 8
th
 June 2016 were dry and sunny, with a maximum temperature of 22°C and 
19°C respectively. These conditions were similar to those observed in June 2015 when the 
majority of the before footage was collected, which should help the comparability of the 
findings.
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Eight hours of video footage were collected before the development and six hours were 
collected after the development (Table 5.5 and Table 5.6). More footage was collected after 
the development due to the low crossing flow at video camera position 2 in the before video 
footage (Table 5.5). As discussed, the footage collected before the development in camera 
position 2 was recorded in January 2014 , and the low temperature relative to the footage 
recorded in June 2015 and overcast conditions are likely to have resulted in fewer pedestrians 
using Acorn Road. The low crossing flow in January 2014 meant it was necessary to collect 
more video footage, to produce a comparable total number of crossing movements in the 
before and after samples. 
5.4.2 Analysis of Pedestrian Crossing Angle  
The video footage of pedestrian crossing behaviour was analysed using the graphics software 
package Inkscape (Harrington et al., 2003). Movements were marked onto a scaled map of 
Acorn Road and information regarding the angle and location of each crossing were extracted 
from Inkscape after they had been recorded.  
The angle of each pedestrian crossing movement was measured from a line parallel to the 
pavement (Figure 5.11). Three hypothetical northerly crossing movements are depicted in 
Figure 18, all starting at the same point on the southern pavement. If pedestrians perceive a 
road as unsafe they may be more likely to cross on an angle of 90 degrees (Crossing 
movement two), as it is the shortest path between the southern and northern pavement and 
will minimise the amount of time they spend in the road. If pedestrians perceive a road as safe 
they may be more likely to cross on an angle of 45 degrees or 135 degrees (Crossing 
movements one and three), as they are longer paths between the two pavements and will 
increase the amount of time they spend in the road.  
Figure 5.11 - Pedestrian crossing angle measurement  
 
 
 
 
 
                                                                    
  
Northern Pavement 
Crossing Movement 
Two - 90° 
Crossing Movement 
Three - 135° 
Crossing Movement 
One - 45° 
Southern Pavement 
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The range of crossing angles is 0 degrees to 180 degrees. Despite this, the effective range is 
90 degrees as crossing movements one and three are both 45 degrees from the perpendicular, 
and are and the same distance from the southern pavement to the northern pavement (Figure 
5.11). In order to allow for a statistical comparison of pedestrian crossing angles, the datasets 
were split into two groups: angles between 0 degrees and 90 degrees and angles between 91 
degrees and 180 degrees.  
In order to analyse the variance in crossing angles within Acorn Road before and after the 
development, the road was split into 17 ten metre sections. Ten metre sections were used as 
Acorn Road is 170 metres in length, and 17 sections allowed the variance in crossing angles 
along the road to be illustrated using descriptive statistics such as the median and inter-
quartile range. The median was used to describe crossing angles as it is relatively unaffected 
by extreme values at either end of the distribution, that may be caused by pedestrians crossing 
on very wide angles. The inter-quartile range was selected to describe the variation in crossing 
angle in each section, as it is also unaffected by extreme values (Field, 2013). 
The use of 17 ten metre sections simplified the analysis of crossing angles and made it 
possible to map the variance in angles along Acorn Road. However, there are weaknesses to 
this approach. Splitting Acorn Road into even sections does not account for of the all of the 
variability in land use, parking regulations and road layout. For example, a major attractor 
such as the Tesco's store on the western side of Acorn Road (Figure 5.5 and Figure 5.6) may 
fall in between different ten metre sections, making it difficult to analyse its effect on crossing 
behaviour. In light of this, an alternative method of aggregating crossing movements is also 
presented that provides a better measure of the effect of different street design features on 
crossing behaviour. Crossing movements were aggregated based on differences in parking 
regulations, major attractors and road layout and statistical tests are used to determine if street 
design features have a significant effect on crossing behaviour.   
The normality of the distributions of crossing angles was tested using bar charts, the skewness 
and kurtosis values and the Kolmogorov-Smirnov and Shapiro-Wilk tests.  
These tests indicated that the angle of crossing movements were non-normally distributed in 
both the before and after datasets, so the non-parametric Mann-Whitney test was used to test 
for differences in angles both within, and between the before and after datasets. There are 
several examples in the literature of studies that have used the Mann-Whitney test to test the 
difference between groups of angles. For example, Philipp et al. (2005) and Tsukitome et al. 
(2014) used the Mann-Whitney test in medical research to examine the difference between 
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two groups of optical angles. This suggests that the Mann-Whitney test is suitable for testing 
the difference between two groups of pedestrian crossing angles.  
Two Mann-Whitney tests were performed, one on crossing angles between 0 degrees and 90 
degrees and one on angles between 91 degrees and 180 degrees, to examine if there is a 
statistically significant (p<0.05) difference in angles. A two-tailed, non-directional hypothesis 
was used. H0: there is not a significant difference in crossing angles; H1: there is a significant 
difference in crossing angles. 
In the case of a significant test, mean ranks were used to determine the direction of the 
difference in angles. In the first test of angles between 0 degrees and 90 degrees, a higher 
mean rank would indicate that pedestrians are crossing closer to the perpendicular (Crossing 
movement two; Figure 18). In the second test of angles between 91 degrees and 180 degrees, 
a higher mean rank would indicate that pedestrians are crossing further from the perpendicular.  
5.4.3 Analysis of Pedestrian Crossing Locations  
Karndachuruk et al. (2013) found that shared space implementations in Auckland, New 
Zealand resulted in more accessible environments, where pedestrians were more comfortable 
walking along and across the whole space. In order to assess whether pedestrians are 
encouraged to use more of the roadway after the development of Acorn Road, the location of 
crossing movements was examined. Each individual pedestrian crossing movement was 
recorded using Inkscape onto a grid of 1-metre wide sections laid over a scaled map of Acorn 
Road, giving 170 sections. In order to analyse the variance in the distribution of movements 
using the chi-square test it was necessary to merge sections to ensure expected frequencies 
were greater than five. Crossing movements were grouped into 17 sections of ten metres, to 
allow the distributions to be compared before and after the development using a chi-square 
test. 
As discussed, there were differences in the duration of observations at each camera position in 
the before video footage (Table 5.5). In order to correct for these inconsistencies, and to allow 
for an accurate comparison of crossing volume within Acorn Road, the number of crossing 
movements per hour is calculated. 
The chi-square test was used to examine if there is a statistically significant (p<0.05) 
difference in the distributions of crossing movements before, compared to after development. 
A two-tailed, non-directional hypothesis was used. H0: there is not a significant difference in 
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the distribution of crossing movements before, compared to after development; H1: there is a 
significant difference in the distribution of crossing movements. 
In addition to contrasting the before and after distributions, each distribution was compared to 
a hypothetical uniform distribution, containing equal proportions of crossing movements in 
each section. This was carried out to assess whether the development of Acorn Road has 
resulted in more even distributions of crossing movements. The chi-square test was used to 
examine if there is a statistically significant (p<0.05) difference in the distributions of 
crossing movements before and after development, compared to a hypothetical uniform 
distribution. A two tailed non-directional hypothesis was used. H0: there is not a significant 
difference in the distribution of crossing movements before and after development, compared 
to a hypothetical uniform distribution; H1: there is a significant difference in the distribution 
of crossing movements. 
As well as grouping movements into even sections, crossing movements were also aggregated 
into groups based on differences in land use, parking regulations and road layout. The number 
of crossing movements per metre for each group was calculated and compared visually to test 
for differences in the density of crossing movements along Acorn Road. 
5.4.4 Analysis of Pedestrian Crossing Speed 
Crossing speed was measured manually from video footage using the distance and time of 
each crossing movement. The video footage was analysed frame-by-frame to increase the 
accuracy of the measurements. Due to the protracted nature of this analysis, it was not 
possible to use all of the video footage before and after the development of Acorn Road. 
Instead, a systematic sample was used where every fifth pedestrian that crossed the road was 
selected. Every fifth pedestrian was sampled as this resulted in a realistic workload, and 
produced sufficient sample sizes to run statistical tests such as the Mann-Whitney. To ensure 
that the proportion of crossing movements in each section in the before and after crossing 
speed samples matched the proportions in the before and after total samples of crossing 
movements, quota sampling was used. Quota sampling resulted in a sample of 377 pedestrian 
crossing speeds before the development of Acorn Road, and a sample of 360 crossing speeds 
after the development. 
In order to test for significant differences in pedestrian crossing speed both within and 
between the before and after datasets, a statistical test of variance was used. Tests of 
normality indicated that the before and after crossing speed samples contained a mixture of 
normally and non-normally distributed data, so the non-parametric Mann-Whitney test was 
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used to test whether there is a statistically significant difference (p<0.05) in crossing speeds. 
A two-tailed, non-directional hypothesis was used. H0: there is not a significant difference in 
crossing speeds; H1: there is a significant difference in crossing speeds. 
5.4.5 Analysis of Pedestrian Crossing Sociability 
Previous research into levels of traffic and quality of life examined sociability by measuring 
the number of social connections in residential environments. In non-residential environments 
such as Acorn Road, it is necessary use different measures of sociability. Hampton, Goulet, 
and Albanesius (2015) used pedestrian group size to compute a sociability index, which 
compares the number of people using a space in couples or groups to those using the space on 
their own. In a longitudinal study of public interactions in three American cities across a 30 
year period, they found a decrease in the number of people walking on their own.  
In order to assess the sociability of Acorn Road, a sociability index was calculated by 
recording the number of pedestrians who crossed Acorn Road on their own, compared to the 
number who crossed in a group of two or more. This observation was carried out in 
conjunction with the measurement of crossing speed, and used the same sampling protocol. 
5.4.6 Vehicle Yielding Behaviour 
One of the main objectives of shared space design is to improve pedestrian movement and 
comfort by encouraging cooperative behaviour between pedestrians and vehicles (Department 
for Transport, 2011). This research examined pedestrian movement through observation of 
crossing angles, speeds and locations, and perceptions of comfort through a questionnaire 
survey. In order to analyse cooperative behaviour between pedestrians and vehicles in Acorn 
Road, vehicle yielding behaviour was observed. As discussed by Karndachuruk et al. (2013), 
shared space should improve pedestrian priority and reduce vehicle dominance. By observing 
whether vehicles give way to pedestrians standing at the side of the road before and after the 
development of Acorn Road, this study will measure whether there is an improvement in 
pedestrian priority and vehicle dominance after the development of Acorn Road. 
Vehicle yielding behaviour was observed in all video footage collected before and after the 
development of Acorn Road (Table 5.5 and Table 5.6). Ambiguous yielding situations were 
identified using the methodology outlined in Chapter 3, and the percentage of vehicles that 
stopped or slowed to allow pedestrians to cross the road before and after the development was 
recorded. In order to examine whether there is a statistically significant (p<0.05) difference in 
the proportion of motorists that yield to pedestrians in the two populations, a two-proportion 
Z-test was used. A two-tailed, non-directional hypothesis was used: H0: there is not a 
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significant difference in the proportion of motorists yielding to pedestrians in the two 
populations; H1: there is a significant difference in the proportion of motorists yielding to 
pedestrians in the two populations. 
The research outlined in Chapter 4 indicated that pedestrian assertiveness was the strongest 
yielding predictor in shared space sites, with vehicles up to 28 times as likely to yield to 
assertive pedestrians, compared to non-assertive pedestrians. Pedestrian assertiveness was 
recorded in Acorn Road to analyse the influence of assertive behaviour on yielding behaviour. 
Binary regression models were used to assess the degree of variation in yielding behaviour 
that can be accounted for by pedestrian assertiveness.  
5.5 Conclusion 
This chapter outlined the development of Acorn Road from a segregated roadway to a traffic 
calmed street with elements of shared space, and presented the methodology used to quantify 
the changes in attitudes and behaviour. It highlighted the limited introduction of shared space 
into Acorn Road, with relatively high levels of demarcation maintained between vehicle and 
pedestrian areas. The implications of the quasi shared space installation on user attitudes and 
behaviour are examined in the next three chapters of the thesis, and the findings help to shed 
light on the performance of shared space schemes, and their relevance to mixed-use high 
streets. 
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Chapter 6: Examining Pedestrian Attitudes and Behaviour Prior to the 
Development of Acorn Road 
 
6.1 Introduction 
This chapter looks at the development of Acorn Road, a busy shopping street in Newcastle 
upon Tyne, into a traffic calmed street with elements of shared space. This chapter will focus 
on attitudes and behaviour in Acorn Road prior to its development.  
This chapter presents the results of attitudinal and observational research into Acorn Road. 
Section 6.2 outlines the findings of survey research into attitudes towards Acorn Road. 
Section 6.3 describes the findings of observational research into pedestrian crossing behaviour. 
The chapter finishes with a summary of the key behavioural and attitudinal findings, and their 
implications for the development of Acorn Road.  
6.2. Attitudinal Research  
The aim of the attitudinal research is to examine attitudes towards Acorn Road prior to its 
development. The research questions are as follows: 
1. How do Acorn Road users perceive aspects of the environment relating to the 
purposes of shared space schemes? 
2. Are there any differences in the attitudes of different types of Acorn Road user? 
3. Which factors characterise attitudes towards Acorn Road before its development? 
4. How do these factors help to shape recommendations for the development of Acorn 
Road? 
6.2.1 Attitudinal Statements 
The survey consisted of 29 attitudinal statements designed to measure attitudes towards Acorn 
Road. Table 6.1 shows the breakdown of Likert scores for the 29 attitudinal statements, with 
the percentage of responses for each statement given. A Likert score of 1 indicates that the 
participant strongly agreed with the statement, and a Likert score of 7 indicates that they 
strongly disagreed. A score of 4 indicates that they neither agreed nor disagreed. The 
frequency distributions for each statement are displayed in Appendix 6A. 
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Table 6.1 – Breakdown of the Likert scores for the 29 attitudinal statements  
 Likert Score (% of respondents) 
Statement 1 2 3 4 5 6 7 
1. Acorn Road is a noisy street (n=499) 8.8% 14.2% 18.6% 28.1% 16.4% 8.0% 5.8% 
2. I feel safe crossing the road (n=499) 19.6% 19.2% 16.2% 16.2% 11.2% 12.2% 5.2% 
3. It is not safe to leave your bicycle 
(n=324) 
9.0% 11.7% 9.6% 19.4% 11.1% 23.1% 16.0% 
4. Whilst chatting to friends in Acorn Road I 
feel safe (n=486) 
57.4% 25.5% 7.0% 2.7% 2.5% 2.1% 2.9% 
5. Acorn Road is poorly-suited for disabled 
people (n=451) 
18.8% 18.6% 18.0% 20.4% 11.1% 9.5% 3.5% 
6. Traffic congestion is a major problem 
(n=497) 
44.7% 18.5% 12.1% 9.3% 5.2% 5.6% 4.6% 
7. Drivers are very inconsiderate to 
pedestrians (n=495) 
18.0% 16.2% 21.4% 17.8% 9.7% 12.1% 4.8% 
8. Pedestrian crossings are located 
conveniently (n=492) 
7.5% 11.6% 9.1% 14.8% 13.0% 18.7% 25.2% 
9. Acorn Road is a thriving retail area 
(n=497) 
33.0% 25.8% 17.3% 12.9% 6.2% 3.0% 1.8% 
10. The footpaths are wide enough for 
pedestrians (n=500) 
35.0% 29.8% 13.8% 6.4% 4.4% 6.4% 4.2% 
11. Cyclists are safe on Acorn Road (n=436) 5.7% 11.7% 14.2% 17.2% 19.0% 15.6% 16.5% 
12. Pedestrians and cyclists are considerate 
to each other (n=463) 
10.2% 17.9% 17.7% 24.4% 11.4% 8.9% 9.5% 
13. I’d use Acorn Road more if there was 
less traffic (n=484) 
15.7% 8.9% 9.9% 16.7% 6.0% 12.2% 30.6% 
14. Pedestrians and vehicles are 
considerate to each other (n=495) 
8.7% 13.1% 15.8% 19.0% 16.4% 12.7% 14.3% 
15. Vehicles travel too fast (n=498) 16.7% 14.5% 19.9% 12.7% 15.1% 12.4% 8.8% 
16. Cyclists and vehicles are considerate to 
each other (n=452) 
4.2% 11.5% 15.3% 27.0% 15.9% 15.0% 11.1% 
17. I often stop to talk to friends and family 
on Acorn Road (n=478) 
23.6% 16.9% 16.9% 10.3% 9.4% 12.3% 10.4% 
18. Acorn Road is quiet during the night 
(n=381) 
15.7% 18.6% 19.2% 20.2% 13.6% 8.4% 4.2% 
19. Antisocial behaviour is a major problem 
on Acorn Road (n=425) 
3.5% 3.5% 9.2% 15.1% 15.3% 29.2% 24.2% 
20. Acorn Road is an attractive place to visit 
(n=496) 
19.6% 24.8% 22.0% 15.7% 10.5% 4.2% 3.2% 
21. Parked cars make it very difficult to 
cross Acorn Road (n=499) 
25.5% 19.8% 15.2% 9.8% 8.8% 13.2% 7.6% 
22. Acorn Road does not meet my everyday 
shopping needs (n=494) 
8.3% 9.1% 9.5% 10.7% 10.7% 25.9% 25.7% 
23. I find the traffic fumes unpleasant 
(n=486) 
10.9% 9.5% 10.9% 17.7% 10.5% 19.8% 20.8% 
24. There are not enough parking spaces on 
Acorn Road (n=476) 
33.2% 17.6% 8.8% 10.1% 7.4% 8.4% 14.5% 
25. Acorn Road has a calm atmosphere 
(n=499) 
9.4% 16.6% 23.0% 18.0% 13.4% 11.6% 7.8% 
26. I feel safe walking around Acorn Road 
(n=500) 
46.6% 26.2% 12.0% 8.0% 3.0% 2.8% 1.4% 
27. I trust drivers to slow down when I cross 
Acorn Road (n=499) 
11.6% 17.8% 15.4% 13.4% 16.0% 13.0% 12.6% 
28. Acorn Road is a clean street (n=500) 13.2% 21.6% 26.6% 18.6% 9.6% 7.2% 3.2% 
29. There are not enough green spaces on 
Acorn Road (n=487) 
26.1% 18.9% 15.4% 17.7% 7.0% 8.8% 6.2% 
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Statements with responses clustered at the high (Likert score of 7) and low (Likert score of 1) 
extremes were identified to examine which aspects of Acorn Road respondents were 
particularly satisfied or dissatisfied with. Statements in which more than 25% of the 
respondents strongly agreed or strongly disagreed were selected (Table 6.2 and Table 6.3). 
Table 6.2 – Statements with responses clustered at the low extreme (strongly agree)  
Statement Strongly Agree  
‘Whilst chatting to friends in Acorn Road I feel safe’ 57.4% 
‘I feel safe walking around Acorn Road’ 46.6% 
‘Traffic congestion is a major problem in Acorn Road’ 44.7% 
‘The footpaths are wide enough for pedestrians’ 35% 
‘There are not enough parking spaces on Acorn Road’ 33.2% 
‘Acorn Road is a thriving retail area’ 33% 
‘There are not enough green spaces on Acorn Road’ 26.1% 
‘Parked cars make it very difficult to cross Acorn Road’ 25.5% 
 
There were eight statements that more than 25% of respondents strongly agreed with (Table 
6.2). Four of these statements were positively phrased and four were negatively phrased, 
indicating a mixture of attitudes towards Acorn Road. The positively phrased statements 
relate to perceptions of safety of the environment, the accessibility of the footpaths and 
economic vitality. The negatively phrased statements relate to the impact of vehicle traffic on 
Acorn Road and the effect this can have on congestion, parking and accessibility. One 
negatively phrased statement also relates to the ambience of the environment. The responses 
to these statements suggest that Acorn Road users feel safe visiting and socialising in the 
street, believe the footpaths are accessible and that it has a successful retail environment. 
However, the responses also indicate that there are concerns about the negative consequences 
of vehicle traffic in Acorn Road.  
Table 6.3 – Statements with responses clustered at the high extreme (strongly disagree)  
Statement Strongly Disagree  
‘I’d use Acorn Road more if there was less traffic’ 30.6% 
‘Acorn Road does not meet my everyday shopping needs’ 25.7% 
‘Pedestrian crossings are located conveniently’ 25.2% 
 
There were three statements that more than 25% of respondents strongly disagreed with 
(Table 6.3). Two of these statements were negatively phrased and one was positively phrased. 
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The negatively phrased statements relate towards the economic vitality of Acorn Road and the 
impact of vehicle traffic on footfall. The positively phrased statement relates to accessibility 
of pedestrian crossings.  
In summary, the responses in Table 6.2 and Table 6.3 suggest that there are positive 
perceptions of the economic vitality of Acorn Road and the safety and ambience of the 
environment. There are, however concerns over the accessibility of the roadway with 
respondents agreeing that parked cars make it difficult to cross Acorn Road and disagreeing 
that the pedestrian crossings are located conveniently. 
There were some contradictions to the responses to statements in Table 6.2 and Table 6.3, 
with participants concerned about traffic congestion in Acorn Road, but not concerned about 
the effect of vehicle traffic on footfall.  
Furthermore, the responses indicated that participants believed there were not enough parking 
spaces in Acorn Road, but were concerned over the effects of vehicle parking on the 
accessibility of the road.  
In order to determine which aspects of Acorn Road did not evoke strong opinions from 
participants, statements with responses clustered in the middle of the Likert Scale (Likert 
Score of 4) were identified. Statements in which more than 25% of the respondents neither 
agreed nor disagreed were selected (Table 6.4). 
Table 6.4 – Statements with responses clustered in the middle of the Likert Scale  
Statement Neither Agree nor Disagree  
‘Acorn Road is a noisy street’ 28.1% 
‘Cyclists and vehicles are considerate to each other’ 27.0% 
 
Two statements had responses clustered in the middle of the Likert scale, suggesting that 
respondents do not have strong opinions of the noise in Acorn Road before its development 
and of the interactions between cyclists and vehicles.  
6.2.2 Normality Tests 
In order to determine whether the attitudinal statements should be analysed using parametric 
or non-parametric statistical tests of variance, the normality of the data was examined. First 
the distribution of Likert scores in each attitudinal statement were examined visually using the 
bar charts (Appendix 6A). The data appears to be non-normally distributed, with non-
symmetrical distributions, a mixture of positively and negatively skewed data and a mixture 
108 
 
of leptokurtic and platykurtic distributions. To quantify the skewness and kurtosis of the 
distributions, skewness and kurtosis values were calculated and are presented in Appendix B.  
There was evidence of non-normality within the skewness values. Statements 4 and 26 both 
had high skewness values of 2.198 and 1.505, and high kurtosis values of 4.507 and 1.867 
(Appendix 6B). This indicates that responses to these statements are positively skewed and 
have a leptokurtic distribution, with heavy tails compared to a normal distribution.  
As a final test of normality, the Kolmogorov-Smirnov (K-S) test and Shapiro-Wilk (S-W) test 
were carried out on the responses (Appendix 6B). All K-S and S-W tests were highly 
statistically significant (p<0.001) for the 29 attitudinal statements, indicating that the 
distributions are significantly different from a normal distribution. This suggests that the 
responses to the attitudinal statements should be analysed using non-parametrical statistical 
tests.  
6.2.3 Factor Analysis 
A factor analysis was carried out to further the understanding of attitudes towards Acorn Road 
prior to its development, and to test for underlying dimensions which may characterise them. 
Prior to conducting the factor analysis, the inter-correlation between the Likert scores for the 
29 attitudinal statements was analysed by examining the correlation matrix (Appendix 6C). 
Spearman's correlation coefficients were used because the Likert scale data is non-normally 
distributed. Six statements: 'It is not safe to leave your bicycle', 'Acorn Road is a thriving 
retail area', 'I often stop to talk to friends and family on Acorn Road' 'Acorn Road does not 
meet my everyday shopping needs', 'There are not enough parking spaces on Acorn Road' and 
'There are not enough green spaces on Acorn Road' had no coefficients above .3 so were 
removed from the factor analysis. 
A principle component analysis was conducted on the 23 remaining statements with 
orthogonal rotation (varimax). The Kaiser-Meyer-Olkin score of .874 confirmed that the 
sample size of 500 was adequate. The Barlett’s test of sphericity was significant at the 0.05 
level of probability, indicating that the correlations between the statements were large enough 
to conduct a principle component analysis.  
In order to determine how many factors to retain in the analysis, the mean communality of the 
sample was calculated. The sample had a mean communality of .57 and a sample size of 500, 
so the slope of the line in the scree plot was used to determine how many factors to retain in 
the first exploratory factor analysis (Stevens, 2002). Cattell (1966) argued that the point for 
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selecting factors should be at the inflexion of the curve in the scree plot line. There is a 
change in the slope of the line at the third data point (Figure 6.1), suggesting that two factors 
should be retained in the analysis. An exploratory factor analysis was run with two factors, 
and the correlation matrix is presented in Appendix 6D. As recommended by Field (2009) 
factor loadings (values showing the relative contribution a variable makes to a factor) 
above .4 are highlighted in red to ease the interpretation of the table. 
Figure 6.1 - Scree plot of the factor analysis before the development 
 
The statements that cluster on factor one in the two component analysis relate to the negative 
influence of motor vehicles on noise, traffic fumes, congestion and the safety of vulnerable 
road users in Acorn Road. They also relate to the interactions between road users in Acorn 
Road, and perceptions of freedom of movement. The statements that cluster on the second 
factor relate to the ambience of Acorn Road and cover issues including the calmness, 
cleanliness and attractiveness of the street (Appendix 6D). There are issues with the two 
component analysis. The statements in factor one cover a range of themes, and as described 
by Kline (1994), factor analysis is a statistical technique aimed at simplifying complex sets of 
data. This suggests that the slope of the line in the scree plot has underestimated the number 
of factors to retain.  
Taking this into consideration, a further factor analysis was run with three factors and the 
results are displayed in Table 6.5. Factor loadings above .4 are highlighted in red to ease 
interpretation of the table. 
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Table 6.5 - Three component factor analysis 
 
Statement F1: Movement 
and Interaction 
F2: Vehicle 
Traffic 
F3: Ambience          
1. Cyclists and vehicles are considerate to each other .742 -.045 -.023 
2. Pedestrians and cyclists are considerate to each other .699 .047 .176 
3. Pedestrians and vehicles are considerate to each other .689 -.380 .031 
4. I trust drivers to slow down when I cross Acorn Road .580 -.357 .074 
5. I feel safe crossing the road  .553 -.361 .129 
6. The footpaths are wide enough for pedestrians .498 -.152 .390 
7. Cyclists are safe on Acorn Road .493 -.468 .046 
8. Pedestrian crossings are located conveniently .419 -.229 .013 
9. I feel safe walking around Acorn Road .403 -.353 .342 
10. I find the traffic fumes unpleasant -.382 .372 -.246 
11. Traffic congestion is a major problem  -.078 .721 -.029 
12. Drivers are very inconsiderate to pedestrians -.196 .720 .056 
13. Parked cars make it very difficult to cross Acorn Road -.277 .650 -.082 
14. Acorn Road is poorly suited for disabled people -.048 .556 -.316 
15. Vehicles travel too fast -.396 .514 -.008 
16. Acorn Road is a noisy street -.031 .496 -.229 
17. I'd use Acorn Road more if there was less traffic -.287 .435 -.066 
18. Acorn Road is quiet during the night -.047 .020 .663 
19. Acorn Road is an attractive place to visit .055 .021 .619 
20. Antisocial behaviour is a major problem on Acorn Road  -.012 .156 -.572 
21. Acorn Road has a calm atmosphere .314 -.307 .508 
22. Acorn Road is a clean street .415 -.099 .428 
23. Whilst chatting to friends in Acorn Road I feel safe .232 -.078 .270 
 Cronbach’s Alpha α .831 .775 .604 
 
The statements that cluster on factor one in the three component analysis relate to the 
movement and interaction of pedestrians, vehicles and cyclists in the roadway and the safety 
of pedestrians and cyclists. The statements that cluster on factor two relate to the negative 
consequences of vehicle traffic on congestion, accessibility, safety and noise, and the 
statements that cluster on factor three relate to the ambience of the environment (Table 6.5). 
There is a distinction between the factors groups, and the statements in each group share a 
common theme. For these reasons, the three component factor analysis was selected. 
In order to test the reliability of the three sub-scales, a Cronbach’s alpha analysis was carried 
out (Table 6.5). Alpha values varied between .604 and .831. George and Mallery (2003) 
suggested that Cronbach’s alpha values of above .8 can be regarded as good, indicating that 
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the first factor provides a reliable measure of attitudes towards road movement and 
interactions. Field (2013) suggested that values of .7 to .8 are acceptable for Cronbach's alpha, 
indicating that second factor also reliably measures perceptions of the negative consequences 
of vehicle traffic. Factor three has an alpha value below the recommended threshold of 0.7 
however, indicating that this factor does not reliably measure attitudes towards the ambience 
of Acorn Road. To attempt to improve the reliability of the factor, items were removed from 
the scale to test if they improved the Cronbach’s alpha value. No items were found to improve 
the Cronbach’s alpha value when removed from the scale. Loewenthal (2001) suggested that 
it may be possible to use Cronbach’s alpha values of around 0.6, providing the scale is short 
(less than 10 items) and there are good theoretical reasons for the scale. The third factor scale 
is short (5 items), and there is a good theoretical reason for the scale as all five of the 
statements directly relate to the ambience of Acorn Road's environment. This indicates that it 
should be possible to use the Cronbach's alpha value in the third factor group.  
6.2.4 Sampling  
Chi-square tests were carried out to check the accuracy of the sample, and test the hypothesis 
that there is a statistically significant (p<0.05) difference between the survey sample and the 
census data. 
10 out of the 15 age groups had non-significant (p>0.05) chi-squared values, indicating an 
accurate quota sample. Four of the age groups: ‘50-54’, ‘65-69’, ‘75-79’, ‘80-84’ had 
significant (p<0.05) chi-squared values indicating an inaccurate quota sample. Age group ‘90 
and above’ violated the assumptions of the chi-squared test as the expected frequencies were 
less than five. Age groups ‘50-54’ and ‘65-69’ were overrepresented in the survey sample 
compared to the census sample, and age groups ‘75-79’, ‘80-84’ and ‘90 and above’ were 
underrepresented (Appendix 6E).  
Six ethnic groups were used in the survey: ‘White British’, ‘White Other’, ‘Mixed’, ‘Asian’, 
‘Black’ and ‘Other’. Four of these groups: ‘White British’, ‘Mixed’, ‘Black’ and ‘Other’ 
ethnicities had non-significant chi-squared values, indicating an accurate quota sample. Two 
groups: ‘White Other’ and ‘Asian’ ethnicities had significant chi-squared values, indicating an 
inaccurate quota sample (Appendix 6F). ‘White Other’ ethnicities were overrepresented in the 
survey sample compared to the census sample, and Asian ethnicities were underrepresented. 
Only four of the 11 occupational groups had non-significant chi-squared values, indicating an 
accurate quota sample. These occupational groups were ‘Caring and leisure’, ‘Sales and 
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customer service’, ‘Student’ and ‘Self-employed’ (Appendix 6G). This reflects the difficulties 
of sampling for characteristics such as occupation, which cannot be judged on appearance.  
Finally, a chi-square test was carried out on the percentage of genders in the survey and 
census data. The chi-squared test was non-significant (p>0.05), indicating an accurate quota 
sample (Appendix 6H).  
In summary, this analysis has indicate that the quota sampling used in this survey produced an 
accurate sample of gender, indicating that the null hypothesis that there is not a statistically 
significant difference in the proportions of gender in the survey and census samples is 
accepted. The quota sampling produced a partially accurate sample of age, indicating that the 
null hypothesis is accepted for 10 out of the 15 age groups, and a partially accurate sample of 
ethnicity indicating that the null hypothesis is accepted for 4 out of the 6 ethnicity groups. 
However, the quota sampling produced an inaccurate sample of occupation, indicating that 
the null hypothesis is rejected, and the alternate hypothesis that there is a statistically 
significant difference between the survey and census samples is accepted for 7 out of the 11 
occupational groups. In order to examine the implications of this for the representativeness of 
the survey sample, the correlations between participant characteristics and attitudes towards 
Acorn Road were examined.  
6.2.5 The effect of Age on Attitudes 
Spearman’s correlation coefficients were calculated to test the hypothesis that there is a 
statistically significant (p<0.05) correlation between age and attitudes. 
Table 6.6 – The correlation between age and Likert scores 
Statement Coefficient Significance  
‘Cyclists are safe on Acorn Road’ .154 .001 
‘Pedestrians and cyclists are considerate to each other’ .157 .001 
‘There are not enough parking spaces on Acorn Road’ .170 .000 
‘Acorn Road is a clean street’ .206 .000 
‘It is not safe to leave your bicycle’ -.120 .030 
‘Acorn Road is poorly-suited for disabled people’ -.215 .000 
‘Acorn Road is a thriving retail area’ -.220 .000 
‘Vehicles travel too fast’ -.158 .000 
‘I often stop to talk to friends and family on Acorn Road’ -.099 .031 
‘Antisocial behaviour is a major problem on Acorn Road’ -.187 .000 
‘I find the traffic fumes unpleasant’ -.189 .000 
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There was a significant (p<0.05) correlation between age and 11 attitudinal statements (Table 
6.6), indicating that the null hypothesis is rejected, and the alternate hypothesis is accepted for 
these statements. There was a positive correlation between age and four statements, indicating 
that as the age of the participant increased, Likert scores increased and they were more likely 
to disagree with the statement. There was a negative correlation between age and seven 
statements, indicating that as the age of the participant increased, Likert scores decreased and 
they were more likely to agree with the statement.  
Three out of the four statements which had a positive correlation with age were positive 
statements about Acorn Road, and five out of the seven statements which had a negative 
correlation with age were negative statements about Acorn Road (Table 6.6). This indicates 
that there is a correlation between age and attitudes towards Acorn Road, with older 
participants more likely to hold negative views about Acorn Road than younger participants. 
In order to examine whether older participants negative perceptions of Acorn Road are 
centred on certain aspects of the environment, the factor groups were examined (Table 6.5). 
Out of the eight statements which indicated that older participants had more negative 
perceptions of Acorn Road than younger participants, one ‘It is not safe to leave your bicycle’, 
was not included in the factor analysis as its coefficients with the other statements were all 
below .3. The remaining seven attitudinal statements were spread across the three factor 
groups, indicating that older participant’s negative perceptions covered a range of themes 
including the safety and interaction of cyclists, the cleanliness of Acorn Road, and several 
negative consequences of vehicle traffic. 
Out of the three statements that indicated that older participants have more positive 
perceptions of Acorn Road than younger participants, all had coefficients with the other 
statements of below .3, so were not included in the factor analysis. The statements related to 
the economic vitality, availability of vehicle parking and sociability of the environment.   
To examine the reasons behind the negative association between age and attitudes, the 
correlation between age and participant characteristics were examined (Appendix 6I).  
There is a significant (p<0.05) correlation between age and nine participant characteristics. 
Examining the correlation coefficients, all fall below ±.4, indicating low or very positive or 
negative correlations, with exception of the correlation between age and living time which has 
a coefficient of .739, indicating a high positive correlation (Cohen and Holliday, 1982).  The 
positive correlation suggests that older participants are likely to have lived in the local area for 
longer than younger participants. This may be linked to the prevalence of students in the 
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youngest age group. 74% of the 18-24 year olds in the sample were students. A Mann-
Whitney test was used to test the hypothesis that there is a statistically significant (p<0.05) 
difference between the living times of students, and other occupation groups in the sample 
(Appendix 6J). A two-tailed, non-directional hypothesis was used. H0: there is not a 
significant difference between the living time of students and other occupational groups; H1: 
there is a significant difference. The test was highly significant (p<0.001), indicating that the 
null hypothesis is rejected, and the alternate hypothesis that there is a significant difference 
between the living times of students and other occupations groups is accepted. The mean 
ranks indicate that students have lived in the local area for a significantly shorter length of 
time.  
In order to examine whether differences in living time contribute towards the negative 
attitudes of older participants, a Spearman's correlation coefficient was used to test the 
hypothesis that there is a statistically significant correlation (p<0.05) between living time and 
attitudes. A two-tailed, non-directional hypothesis was used. H0: there is not a significant 
correlation between living time and attitudes; H1; there is a significant correlation. There was 
a significant (p<0.05) correlation between living time and responses to 14 attitudinal 
statements (Table 6.7), indicating that the null hypothesis is rejected, and the alternate 
hypothesis is accepted. Six correlation coefficients were positive, indicating that as the 
amount of time a respondent had lived in the area local to Acorn Road increased, their Likert 
score increased, and the chance of them disagreeing with the statement increased. Eight 
correlation coefficients were negative, indicating that as the amount of time a participant lived 
in the area local to Acorn Road increased, their Likert score decreased, and the chance of 
them agreeing with the statement increased. Five out of the six statements with positive 
coefficients were positive statements about Acorn Road and five out the eight statements with 
negative coefficients were negative statements about Acorn Road (Table 6.7).  
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Table 6.7 - Significant correlations between living time and attitudinal statements 
Statement Coefficient Sig.  
‘Cyclists are safe on Acorn Road’ .182 .001 
‘Pedestrians and cyclists are considerate to each other’ .132 .013 
‘Cyclists and vehicles are considerate to each other’ .109 .045 
‘There are not enough parking spaces on Acorn Road’ .145 .006 
‘Acorn Road has a calm atmosphere’ .148 .004 
‘Acorn Road is a clean street’ .161 .002 
‘Traffic congestion is a major problem’ -.152 .003 
‘Acorn Road is poorly-suited for disabled people’ -.204 .000 
‘Acorn Road is a thriving retail area’ -.184 .000 
‘Vehicles travel too fast’ -.198 .000 
‘I often stop to talk to friends and family on Acorn Road’ -.134 .010 
‘Parked cars make it very difficult to cross the road’ -.112 .030 
‘I find the traffic fumes unpleasant’ -.134 .010 
‘I feel safe walking around Acorn Road’ -.150 .003 
 
This evidence suggests that the longer people live in the local area, the more negative their 
perceptions of certain aspects of Acorn Road are. In particular, there was an association 
between the amount of time people had lived in the local area and their perceptions of cycling 
in Acorn Road, with people who had lived locally for longer more likely to disagree that 
cyclists are safe on Acorn Road, and that cyclists, pedestrians and vehicles are considerate to 
each other (Table 6.7).  
Six out of the eight statements that had a negative association with age also had a negative 
association with living time. This suggests that differences in living time do contribute to the 
negative attitudes of older participants.  
6.2.6 The effect of Gender on Attitudes 
In order to examine whether the gender of participants had a significant effect on their 
attitudes towards Acorn Road, a Mann-Whitney test of variance was used. The non-
parametric Mann-Whitney test was used because there are two samples of Likert scores, and 
the data is non-normally distributed. 
There was a statistically significant difference (p<0.05) between male and female responses to 
13 out of the 29 attitudinal statements, indicating that the null hypothesis is rejected, and the 
alternate hypothesis that there is a significant difference in male, compared to female 
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responses for these 13 statements is accepted. The Mann-Whitney test statistics for these 13 
statements are displayed in Appendix 6K (see Table 6.1 for list of statements). To examine 
the direction of the difference between Likert scores, the mean ranks were examined. The 
mean ranks were higher for males than females for statements 5, 6, 7, 13, 15 and 21, 
indicating that males were more likely to disagree with these statements than females. The 
mean ranks were higher for females than males for statements 2, 11, 12, 14, 16, 25 and 27, 
indicating that females were more likely to disagree with these statements than males. The six 
statements which males were significantly more likely to disagree with were all negative 
statements about Acorn Road, and the seven statements that females were more likely to 
disagree with were all positive statements about Acorn Road (Table 6.1). This indicates that 
there is an association between gender and attitudes towards Acorn Road, with females 
perceiving certain aspects of the environment more negatively than males.  
In order to examine which themes characterise female negative perceptions of Acorn Road, 
the factor groups were examined (Table 6.5). 12 out of the 13 statements with a significant 
correlation between gender and Likert scores were in factor group 1 'Movement and 
Interaction' and factor group 2 'Vehicle Traffic'. One statement 'Acorn Road has a calm 
atmosphere' was in factor group 3 'Ambience'. This suggests that female negative perceptions 
of Acorn Road are centred on vehicle traffic and interactions between road users.  
In order to examine the potential causes of the association between gender and attitudes, 
further Mann-Whitney tests were run on gender and the time and frequency and demographic 
characteristics. There was a significant gender difference in seven time and frequency and 
demographic characteristics, indicating that the null hypothesis is rejected, and the alternate 
hypothesis that there is a significant difference in male, compared to female responses for 
these seven characteristics is accepted (Appendix 6L).  
A significant difference was found between the cycling frequencies of male and female 
respondents, with female’s higher mean rank indicating that they have lower cycling 
frequencies than males. These frequencies may be linked to attitudes. Females were more 
likely to disagree that cyclists are safe on Acorn Road than males, more likely to disagree that 
pedestrians and cyclists are considerate to each other, and more likely to disagree that cyclists 
and vehicles are considerate to each other. Females who cycle on Acorn Road infrequently 
may have more negative perceptions of issues that relate to cyclists.  
There is an association between gender and living time, with the mean ranks indicating that 
female participants had lived in Acorn Road for significantly longer than male participants. 
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As discussed, there is a correlation between living time and attitudes, with respondents who 
have lived in Acorn Road for longer having more negative perceptions of certain aspects of 
the environment. This suggests that there may be a link between the associations between 
gender and attitudes and between living time and attitudes.  
6.2.7 The effect of Ethnicity on Attitudes 
In order to examine if the ethnicity of participants affected their perceptions of Acorn Road, a 
Kruskal-Wallis test was used. Out of the 29 attitudinal statements, three: 'I find the traffic 
fumes unpleasant', 'I feel safe walking around Acorn Road' and 'Acorn Road is a clean street' 
had statistically significant (p<0.05) Kruskal-Wallis tests, indicating that the null hypothesis 
is rejected and the alternate hypothesis that responses to these statements were significantly 
affected by ethnicity is accepted (Appendix 6M). In order to follow-up these significant tests, 
pairwise comparisons were performed on the individual ethnic groups. Two of the statements 
'I find the traffic fumes unpleasant' and 'Acorn Road is a clean street' had significant (p<0.05) 
pairwise comparisons, indicating a significant difference in Likert scores between different 
ethnic groups (Appendix 6N). The pairwise comparisons both involved the ethnic group 
'White other', with the mean ranks indicating that 'White Other' ethnicities were significantly 
more likely to agree with the statement 'I find traffic fumes unpleasant' than 'White British' 
ethnicities, and significantly more likely to disagree with the statement 'Acorn Road is a clean 
street' than 'Mixed' ethnicities. 
In summary, there appears to be a weak correlation between ethnicity and attitudes towards 
Acorn Road before its conversion. Only three out of the 29 statements have significantly 
different responses between different ethnic groups, and there were only two significant 
pairwise comparisons. These pairwise comparisons indicated that 'White other' ethnicities 
have negative perceptions of certain aspects of the ambience and vehicle traffic in Acorn 
Road.  
6.2.8 The effect of Occupation on Attitudes 
Further Kruskal-Wallis tests were performed to examine if the occupation of respondents had 
a significant effect on their attitudes towards Acorn Road. Out of the 29 statements, 15 had 
statistically significant (p<0.05) Kruskal-Wallis tests, indicating that the null hypothesis is 
rejected, and the alternate hypothesis that the responses to these statements were significantly 
affected by occupation is accepted. (Appendix 6O). In order to follow up these significant 
tests and identify which occupation groups have significantly different responses, the pairwise 
comparisons were calculated (Appendix 6P). Three statements: 'Drivers are inconsiderate to 
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pedestrians', 'Parked cars make it very difficult to cross Acorn Road' and 'Acorn Road has a 
calm atmosphere' did not have any significant (p<0.05) pairwise comparisons. The remaining 
12 statements contained a total of 20 significant pairwise comparisons. All but one of these 
comparisons involved the 'Student' occupation group. Examining the mean ranks, students 
had more positive perceptions of accessibility, pedestrian-cyclist interactions, vehicle speed, 
antisocial behaviour and traffic fumes in Acorn Road than 'Retired' respondents, and more 
positive perceptions of cyclist safety, pedestrian-cyclist interactions, vehicle speed and 
cyclist-vehicle interactions than 'Professional and Technical' respondents. 
These results suggest that there is a correlation between occupation and attitudes towards 
Acorn Road, with students more likely to have positive perceptions of road user interactions 
and the negative consequences of vehicle traffic than 'Retired' and 'Professional and technical' 
occupations.  
In order to assess the potential causes of the correlation between occupation and attitudes, the 
demographic make-up of the occupation groups were examined. As discussed, there is a 
correlation between age and attitudes, with younger respondents having more positive 
attitudes of certain aspects of Acorn Road than older participants. There is also a correlation 
between gender and attitudes, with females having more negative perceptions of certain 
aspects of the environment than males. The Kruskal-Wallis test was used to test the 
hypothesis that there is a significant difference between the ages of the different occupational 
groups. The test was highly statistically significant (p<0.001), indicating that the null 
hypothesis is rejected, and the alternate hypothesis that there is a significant difference in the 
ages of the different occupational groups is accepted (Appendix 6Q). Pairwise comparisons 
were calculated to examine if there is a significant difference between the age of 'Student' and 
'Retired' and 'Professional and Technical' respondents. The pairwise comparisons were 
statistically significant (p<0.05) (Appendix 6R), with the mean ranks indicating that students 
are significantly younger than 'Retired' and 'Professional and Technical' respondents. This age 
difference may contribute towards the positive attitudes of students, compared to 'Retired' and 
'Professional and Technical' respondents. 
A further Kruskal-Wallis test was performed to test the hypothesis that there is a significant 
difference in the gender of the different occupational groups. The test was highly significant 
(p<0.001), indicating that the null hypothesis is rejected, and the alternate hypothesis that 
there is a significant difference in the gender of the different occupational groups is accepted 
(Appendix 6S). Pairwise comparisons were calculated to examine if there is a significant 
difference between the gender of students and 'Retired' and 'Professional and Technical' 
119 
 
respondents. The pairwise comparison between students and 'Retired' respondents was 
statistically significant (p<0.05), with the mean ranks indicating that there were significantly 
more males than females in the 'Student' occupation group, compared to the 'Retired' 
occupation group (Appendix 6T). This gender difference may be linked to the more positive 
perceptions of students, compared to 'Retired' respondents. 
6.2.9 Implications for the Survey Sample 
This analysis has indicated that age, gender and occupation are the key characteristics that 
affect attitudes towards Acorn Road prior to its development. As discussed in Section 6.2.4, 
the quota sampling produced a mostly accurate sample of age, an accurate sample of gender 
and an inaccurate sample of occupation. The inaccurate occupation sample is a concern, and 
suggests that the survey sample may not be completely representative of the target population. 
This concern is lessened though by the evidence that suggests that differences in age and 
gender contribute towards the association between occupation and attitudes. 
6.3 Observational Research 
The objective of the observational research is to examine how pedestrians move and interact 
with each other and their surroundings before the development of Acorn Road. The research 
questions are as follows: 
1. How do the angle, location and speed of crossing movements further the 
understanding of perceptions of safety and freedom of movement in Acorn Road, 
before its development? 
2. Are the findings of the attitudinal research reflected in the observed crossing 
behaviour of pedestrians? 
3. How do the results of the observational research help to shape recommendations 
for the development of Acorn Road?   
 
6.3.1 Angle and Location of Pedestrian Crossing Movements 
In order to analyse the variance in crossing behaviour along Acorn Road, the street was 
divided into 17 ten-metre sections (Table 6.8).  
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Table 6.8 – Acorn Road sections crossing characteristics 
Section Area  No. of 
Crossings 
Crossings/
hr 
Median Crossing 
Angle: 0-90°/ 91-180° 
IQR: 0-90°/ 91-
180° 
1 0-10m 374 187 63° 114° 16° 22° 
2  >10-20m 72 36 52° 118° 20° 18° 
3  >20-30m 49 25 56° 121° 35° 24° 
4  >30-40m 183 92 40° 141° 21° 17° 
5  >40-50m 87 44 51° 134° 24° 8° 
6 >50-60m 33 17 60° 134° 23° 36° 
7 >60-70m 102 26 60° 118° 27° 20° 
8 >70-80m 151 38 36° 143° 19° 22° 
9 >80-90m 94 24 43° 137° 16° 21° 
10 >90-100m 97 24 47° 116° 31° 40° 
11 >100-110m 57 14 65° 124° 46° 34° 
12 >110-120m 42 11 79° 113° 39° 31° 
13 >120-130m 122 61 50° 132° 15° 17° 
14 >130-140m 62 31 58° 151° 38° 15° 
15 >140-150m 120 60 61° 121° 18° 25° 
16 >150-160m 83 42 76° 118° 21° 41° 
17 >160-170m 168 84 76° 103° 17° 11° 
1-17 0-170m 1896 48 58° 122° 30° 33° 
 
The crossing characteristics indicate clear differences in crossing behaviour along Acorn 
Road. As discussed, the before study involved different durations of observations, with two 
hours of video footage recorded at camera position 1 (sections 1-6) and position 3 (sections 
13-17), and four hours of video footage collected at camera position 2 (sections 7-12). In 
order to correct for this, the number of crossing movements per hour for each section is 
presented in Table 6.8, along with the total number of crossing movements.  
Pedestrian crossing movements are not evenly distributed. Sections 1, 4, 13, 15 and 17 have 
more than 50 crossing movements per hour, and sections 6, 11 and 12 have less than 20 
crossing movements per hour. There are also differences in the angle of crossing movement. 
As discussed in Chapter 3, in order to allow for a statistical comparison of pedestrian crossing 
angles the dataset was split into two groups: angles between 0 degrees and 90 degrees, and 
angles between 91 degrees and 180 degrees. In each group the width of the crossing angle can 
be determined by the distance from the perpendicular (90 degrees), with lower angles in the 0-
90° group, and higher angles in the 91-180° group indicating wider crossing movements.  
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Median crossing angles in the 0-90° group varied from a low of 36° in section 8, to a high of 
79° in section 12. Median crossing angles in the 91-180° group varied from a low of 103° in 
section 17, to a high of 151° in section 14 (Table 6.8). In order to better illustrate the variation 
in crossing angle and volume along Acorn Road, two graphs are presented in Figure 6.2 and 
Figure 6.3. The lighter grey shading in Figure 6.2 is used to illustrate the observations from 
camera position two, which were taken in January 2014 and are not directly comparable with 
the observations from camera positions one and three, which were taken in June 2015 and are 
shaded in darker grey.  
Figure 6.2 - Bar chart to show the variation in the volume of crossing movements per hour 
along Acorn Road before development 
 
Figure 6.3 - Line chart to show the variation in the median angle of crossing movements 
along Acorn Road before development 
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The sections with the highest number of crossing movements per hour are section 1 and 
section 4. The volume of pedestrian movements in these sections is likely to be due to the 
presence of a strong pedestrian attractor, a Tesco’s store on the northern side of Acorn Road 
(Figure 5.5). This shop is the largest and busiest on Acorn Road and stretches from section 1 
to section 4. A large number of the pedestrians crossing the road in sections 1-4 are likely to 
be doing so to access Tesco's. In order to better display the effect of the Tesco's store on the 
volume of crossing movement in Acorn Road, the volume of crossing movements per metre 
was calculated for the area outside of the store and compared to the area not outside of the 
store. In the area outside of Tesco's the crossing volume was 14.4 crossings per metre. In the 
area not outside of Tesco's the crossing volume was 10.4 crossings per metre. It should be 
noted that the observations of the area outside of Tesco were carried out in June, whereas 
some of the observations in the area outside of Tesco were carried out in January. In order to 
produce a more accurate comparison of crossing volumes, crossing movements from the 
observations taken from camera position 1 and 3 only were used to assess the effect of the 
Tesco's store on crossing volume. The crossing volume in the area not outside of Tesco's 
increased to 11.8 crossings per metre. This suggests that the Tesco's store had a small effect 
on the volume of crossing movements, with 2.6 more crossing movements per metre in the 
area outside of the Tesco's store, when comparable observations were used.  
Crossing angles widen from section 1 to section 4 (Figure 6.3). The relatively narrow crossing 
angles in section 1 may be linked to the turning traffic from St Georges Terrace into Acorn 
Road, which as discussed by Hine (1996) can have a severing effect on pedestrian movement, 
narrowing angles. They may also be linked to pedestrians crossing Acorn Road to pass along 
St Georges Terrace, which runs adjacent to Acorn Road (Appendix 6U). These pedestrians 
would likely have crossing angles close to the perpendicular of the pavement. The wider 
angles in section 4 suggest that pedestrians crossing on this part of Acorn Road may have 
improved perceptions of safety. This may be linked to the alleyway entrance that covers part 
of section four (Appendix 6U). There is no vehicle parking around the alleyway entrance, and 
no vehicles were observed using the alleyway in the video footage. This may improve 
pedestrian confidence, encouraging them to cross on wider angles.  
There is a decrease in the volume of crossing movements in sections 5, 6, compared to section 
4, suggesting these sections may be less accessible to pedestrians. Crossing angles also 
narrow in sections 5, 6compared to section 4, suggesting a decrease in perceptions of safety.  
Crossing angles widen and crossing volumes increase in sections 8 and 9, suggesting that 
these sections may be more accessible to pedestrians. It should be noted that these sections 
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were covered by camera position two (Table 5.5), which affected the seasonality of the 
recording, and means that the observations are not directly comparable with sections 1-6 and 
13-17. There is, however variation in crossing angles and volumes within sections 7-12, with 
angles narrowing and volumes decreasing in   sections 10, 11 and 12, compared to sections 8 
and 9, suggesting reductions in accessibility and pedestrian confidence. This may be linked to 
the increase in vehicle parking in these sections (Appendix 6V)..  
In order to further assess the effect of vehicle parking on crossing volumes in Acorn Road, 
observations from camera position 1 and 3 were used to calculate the number of crossing 
movements per metre for areas with and without vehicle parking. The crossing volume per 
metre for the areas without vehicle parking was 18.1 crossings per metre. The crossing 
volume per metre for the areas with vehicle parking was 3.9 crossings per metre. This is a 
considerable difference in the density of crossing movements, and suggests that the vehicle 
parking in Acorn Road before its development has a detrimental effect on pedestrian 
accessibility, with pedestrians crossing the road in higher numbers in the areas that are not 
covered by vehicle parking.   
Crossing angles narrow from section 14 to section 17. The narrow angles in sections 15 and 
16 may be caused by the pelican crossing that extends across both these sections (Appendix 
6W). Pedestrians crossing within the boundaries of the pelican crossing would have narrow 
crossing angles. Section 17 has the narrowest median crossing angles of any section. This 
may be caused by the turning traffic from Osborne Road into Acorn Road, which can have a 
severing effect on pedestrian movement. The narrow angles in section 17 may also be caused 
by pedestrians crossing Acorn Road to pass along Osborne Road, which is adjacent to Acorn 
Road (Appendix 6W). 
6.3.2 Analysis of the Inter-Quartile Range in Crossing Angle 
Examining the inter-quartile range (IQR) of crossing angles (Table 6.8), there are differing 
amounts of variance in the angle of crossing movements. In order to better display the 
variation in IQR, the IQR's of crossing angles between 0-90° and between 91-180° were 
summed for each section, and are presented in Figure 6.4 below. 
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Figure 6.4 - Bar chart to show the inter-quartile range of pedestrian crossing angles 
 
The IQR of crossing angles is low in section 1 and section 17, indicating that there is less 
variance in the angle of pedestrian crossing movement at either end of Acorn Road, with 
pedestrians crossing on similar angles. This may be caused by pedestrians crossing sections 1 
and 17 to pass down St Georges Terrace and Osborne Road. IQR's generally increase towards 
the centre of Acorn Road, with sections 10, 11 and 12 having the highest IQR's, indicating the 
greatest variance in crossing angle. However, as noted the sections in the centre of Acorn 
Road were covered by camera position two, so are not directly comparable with the sections 
at either end.  
6.3.3 Statistical Analysis of Crossing Angle  
The descriptive analysis of pedestrian crossing angles indicated that there are wider crossing 
angles in the middle sections of Acorn Road, compared to the sections at either end. In order 
to examine whether this difference is statistically significant, two groups of angles were 
created: angles in sections 5-13 and angles in sections 1-4 and 14-17. The distribution of the 
data was examined to select the appropriate statistical test. The bar chart indicates that the 
distribution of crossing angles is light-tailed and exhibits some bi-modality (Appendix 6X). 
This is supported by the test of kurtosis, which indicate that the data is platykurtic (Appendix 
6Z). Both the Kolgmorov-Smirnov and Shapiro-Wilk tests are highly statistically significant 
(p<0.001), indicating that there is a statistically significant difference between the distribution 
of crossing angles and a normal distribution. 
In summary, with the exception of the low skewness values, the tests of normality indicate 
that the angles of pedestrian crossing movements in Acorn Road before development are non-
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normally distributed, and should, therefore be analysed with non-parametric statistical tests of 
variance. 
The Mann-Whitney test was used to test the hypothesis that there is a statistically significant 
difference between crossing angles in the centre of Acorn Road, compared to at either end. 
The crossing angles were split into two groups: angles between 0 degrees and 90 degrees and 
angles between 91 degrees and 180 degrees. First, angles between 0 degrees and 90 degrees 
were compared (Table 6.9). 
Table 6.9 - Mann-Whitney test of variance in crossing angles between 0° and 90° in the end 
and middle sections of Acorn Road 
Section N Mean Rank r Test Statistic Significance 
End 590 592 -.311 81703.5 .000 
Middle 435 406 
 
The Mann-Whitney test is highly statistically significant (p<0.001), indicating that the null 
hypothesis is rejected, and the alternate hypothesis that there is a significant difference in 
crossing angles between 0 degrees and 90 degrees in the middle and end sections of Acorn 
Road is accepted. The direction of this difference was determined by examining the mean 
ranks. The mean rank is higher for crossing angles in the end sections of Acorn Road than the 
middle sections, indicating that pedestrian crossing movements are closer to the perpendicular 
of the pavement in the end sections. This suggests that pedestrians are crossing on narrower 
angles in the end sections. 
Next, the crossing angles between 91 degrees and 180 degrees were compared using the 
Mann-Whitney test (Table 6.10). The test is highly statistically significant (p<0.001), 
indicating that the null hypothesis is rejected, and the alternate hypothesis that there is a 
significant difference in crossing angles between 91 degrees and 180 degrees in the middle 
and end sections of Acorn Road is accepted. The mean rank is higher for crossing angles in 
the middle sections of Acorn Road, compared to the end sections, indicating that crossing 
movements are further from the perpendicular of the pavement in the middle sections. This 
supports the findings from the previous Mann-Whitney test and indicates that the angle of 
pedestrian crossing movements are significantly wider in the middle sections of Acorn Road, 
compared to the sections at either end. 
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Table 6.10 - Mann-Whitney test of variance in crossing angles between 91° and 180° in the 
end and middle sections of Acorn Road 
Section N Mean Rank r Test Statistic Significance 
End 520 394 -.204 69296.5 .000 
Middle 350 498.5 
 
In order to explore the potential causes of the significant differences in crossing angles within 
Acorn Road, the differences in land use and parking regulations are examined (Figure 5.5). 
Vehicle parking bays are not evenly distributed along Acorn Road before its development, 
with parking bays on both sides of the road on the western side and centre of Acorn Road and 
few parking bays on the eastern side. The analysis of crossing volumes indicated that fewer 
pedestrians cross Acorn Road in the areas of the street that are covered by vehicle parking. In 
order to examine whether vehicle parking had also had an effect on the angle of crossing 
movements, crossing angles in the areas of Acorn Road covered by vehicle parking were 
compared to crossing angles in the areas of Acorn Road that were not covered by vehicle 
parking using a statistical test of variance. 
The Mann-Whitney test was used to test the hypothesis that there is a statistically significant 
(p<0.05) difference between the angle of pedestrian crossing movements in the areas of Acorn 
Road that are covered by vehicle parking and the areas that are not.   
The crossing angles were split into two groups: angles between 0 degrees and 90 degrees and 
angles between 91 degrees and 180 degrees. First, angles between 0 degrees and 90 degrees 
were compared (Table 6.11). 
Table 6.11 - Mann-Whitney test of variance in crossing angles between 0° and 90° in the 
areas of Acorn Road with and without vehicle parking 
Parking N Mean Rank r Test Statistic Significance 
Without 843 511 -.02 74901 .617 
With 182 523 
 
The Mann-Whitney test is non-statistically significant (p>0.05), indicating that the null 
hypothesis that there is not a significant difference between crossing angles in the areas of 
Acorn Road with and without vehicle parking is accepted. 
Next, crossing angles between 91 degrees and 180 degrees were compared using the Mann-
Whitney test (Table 6.12). The test was also non-statistically significant (p>0.05), indicating 
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that the null hypothesis should be accepted. These tests suggest that although vehicle parking 
has a detrimental effect on accessibility in Acorn Road, it does not affect perceptions of safety, 
with no significant difference in the angle of crossing movements.  
Table 6.12 - Mann-Whitney test of variance in crossing angles between 91° and 180° in the 
areas of Acorn Road with and without vehicle parking 
Parking N Mean Rank r Test Statistic Significance 
Without 647 436 -.002 72254 .949 
With 224 435 
 
This indicates that the significant difference in crossing angles between the sections in the 
centre of Acorn Road and the sections at either end is not due to differences in the distribution 
of parking bays. As discussed, pedestrians crossed the road in higher volumes in the area 
outside of Tesco's, compared to the area that was not outside of Tesco's. In order to examine 
whether the presence of Tesco's affected the angle of crossing movements, crossing angles in 
the two areas were compared using a statistical test of variance. 
The Mann-Whitney test was used to test the hypothesis that there is a statistically significant 
(p<0.05) difference between crossing angles in the areas outside and not outside of Tesco's. 
First angles between 0-90 degrees were compared (Table 6.13). 
Table 6.13 - Mann-Whitney test of variance in crossing angles between 0° and 90° in the 
areas of Acorn Road covered and not covered by the Tesco's store 
Area N Mean Rank r Test Statistic Significance 
Tesco 217 516 -.004 87094.5 .882 
Non-Tesco 808 512 
The Mann-Whitney test is non-statistically significant (p>0.05), indicating that the null 
hypothesis that there is not a significant difference between crossing angles in the areas 
outside and not outside of Tesco's is accepted. Next, crossing angles between 91 and 180 
degrees were compared using the Mann-Whitney test (Table 6.14). 
Table 6.14 - Mann-Whitney test of variance in crossing angles between 91° and 180° in the 
areas of Acorn Road covered and not covered by the Tesco's store 
Area N Mean Rank r Test Statistic Significance 
Tesco 228 448 -.02 70515.5 .393 
Non-Tesco 643 432 
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The Mann-Whitney test is also non-significant (p>0.05), indicating that the null hypothesis is 
accepted. These statistical tests suggest that the presence of Tesco's, the largest and busiest 
store on Acorn Road has a non-significant effect on the angle of pedestrian crossing 
movements. 
This suggests that factors other than parking regulations and major attractors are causing the 
wider crossing angles in the centre of the street. As discussed, the majority of the observations 
in the centre of Acorn Road were taken from camera position two, and the different 
seasonality of these observations may have affected the angle of crossing movements.  
There are also differences in the level of traffic along Acorn Road, which may have had 
affected crossing angles. The middle of Acorn Road has less turning traffic than the sections 
at either end, with fewer vehicle using the Sanderson Road/ Larkspur Terrace junction than 
the Osborne Road and St Georges Terrace junctions. In an analysis of PM peak hour traffic 
flows in January 2014, 51 vehicles per hour were recorded entering Acorn Road through the 
Sanderson Road/ Larkspur Terrace junction, with 44 vehicles per hour exiting Acorn Road 
here. 172 vehicles per hour entered Acorn Road through the Osborne Road junction, with 326 
vehicles per hour exiting through this junction. 110 vehicles per hour entered Acorn Road 
through the St Georges Terrace junction, with 148 vehicles per hour exiting Acorn Road 
through this junction. As discussed by Hine (1996) high traffic flows can have a severing 
effect on pedestrian movement, narrowing crossing angles. The narrower crossing angles at 
either end of Acorn Road suggest that the higher turning vehicle flows in the St Georges 
Terrace and Osborne Road junctions have a severing effect on pedestrian crossing movement.  
There are other potential causes of the narrow crossing angles at either end of Acorn Road. 
The sample of pedestrians crossing the road in sections 1 and 17 is likely to be partly 
comprised of pedestrians who are crossing over Acorn Road to continue passing down St 
Georges Terrace and Osborne Road. These pedestrians will naturally have narrow crossing 
angles.  
6.3.4 Statistical Analysis of Crossing Volume  
The descriptive analysis of pedestrian crossing volume indicated that crossing movements are 
not evenly distributed along Acorn Road, with clusters of crossing movements at either end of 
Acorn Road and in sections 4 and 8. In order to examine the uniformity of crossing 
movements, the distribution of crossings were compared to a hypothetical uniform 
distribution, with equal proportions of movements in each section. In order to correct for the 
different durations of recordings the hourly crossing flow was used in each section (Table 6.8). 
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The chi-square test was used to test the hypothesis that there is a statistically significant 
(p<0.05) difference between the distributions of crossing movements in the 17 sections, and 
the hypothetical uniform distribution.  
The chi-square test was highly statistically significant (p<0.001), indicating that the null 
hypothesis is rejected, and the alternate hypothesis that there is a significant difference in the 
distributions of pedestrian crossing movements in Acorn Road, compared to a hypothetical 
uniform distribution is accepted. The standardised residuals demonstrated that out of the 17 
sections, 8 had significant (p<0.05) differences between the observed and expected 
frequencies in Acorn Road and the hypothetical uniform distribution (Appendix 6Z). Out of 
the eight significant standardised residuals, four were in the centre of Acorn Road (sections 9, 
10, 11 and 12), suggesting that crossing movements are unevenly distributed in the centre of 
Acorn Road, compared a normal distribution. In order to examine the direction of the 
difference between the observed and expected frequencies in these sections, the sign of the 
standardised residuals were examined. All of the four standardised residuals were negatively 
signed, indicating significantly lower frequencies of crossing movements than expected. As 
discussed, the low crossing flows in these sections was likely due to the seasonality of the 
recordings, with the low average temperature in January 2014, compared to June 2015 
resulting in fewer people using Acorn Road.  
Both section 1 and section 17 had positively signed significant standardised residuals, 
indicating clusters of crossing movements at either end of Acorn Road which may be due to 
people crossing Acorn Road to continue passing down St Georges Terrace and Osborne 
Avenue. 
The development of Acorn Road will involve the construction of a main raised platform of 
shared space that will cover sections 5 to 13 and two smaller raised platforms at either end 
that will cover much of section 1 and section 17. Karndachuruk et al. (2013) found that shared 
space implementations in New Zealand resulted in more accessible environments, where 
pedestrians were more comfortable walking along and across the whole space. The analysis of 
crossing volumes before development was affected by the temporal inconsistencies in the 
video recordings, making it difficult to draw accurate assess the distribution of crossing 
movements. The results suggest, however that crossing flow is not evenly distributed along 
Acorn Road, so it will be possible to examine whether the shared space implementation has 
created a more accessible environment for pedestrians after development. 
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6.3.5 Pedestrian Crossing Speed  
Pedestrian crossing behaviour was studied further by recording the speed of pedestrian 
crossing movements. Low crossing speeds suggest that pedestrians feel comfortable in the 
roadway, and do not need to rush across it. Higher crossing speeds suggest pedestrians feel 
less safe, possibly due to the severing effect of vehicle traffic.  
Due to the protracted nature of measuring crossing speed, it was not possible to use all of the 
video footage before the development of Acorn Road. Instead a systematic sample was used, 
where every fifth pedestrian that crossed the road was selected. 
A total of 377 pedestrians were sampled, and crossing speed was measured manually using 
the distance and time of each crossing movement (Table 6.11).  
The mean crossing speeds suggest there is some variation in pedestrian crossing speed within 
Acorn Road. Mean crossing speeds vary from a low of 2.76 mph in section 11, to a high of 
3.74 mph in section 14 (Table 6.15). The lowest mean speeds are in section 10, 11 and 12, 
suggesting that pedestrians may have improved perceptions of safety when crossing the road 
in these sections, compared to other sections of Acorn Road. However, it should be noted that 
pedestrian crossing speeds in these sections were recorded from camera position 2 in January 
2014, which may have affected pedestrian crossing speed. Research evidence indicates that 
temperature does have an effect on pedestrian crossing speed, but this effect is not consistent 
across studies. Montufar et al. (2007) found that pedestrians had a lower crossing walking 
speed in the winter than in the summer, but Harrell (1991) found that pedestrians exercised 
greater caution whilst crossing the road in the summer. The low walking speeds in sections 10, 
11 and 12 support Montufar et al.'s (2007) findings, and suggest that pedestrian behaviour in 
these sections is at least in part influenced by the temperature of the environment.  
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Table 6.15 - Pedestrian Crossing Speed  
Section Crossings Mean Crossing Speed (mph) 
1 74 3.26 
2 14 3.43 
3 10 2.98 
4 37 3.42 
5 17 3.10 
6 7 3.28 
7 20 3.55 
8 30 3.39 
9 19 3.16 
10 19 2.84 
11 11 2.76 
12 8 2.88 
13 24 2.99 
14 12 3.74 
15 24 3.03 
16 17 3.10 
17 34 3.26 
1-17 377 3.22 
  
In order to examine whether there is a statistically significant difference between the crossing 
speeds within Acorn Road a statistical test of variance was used. The distribution of the data 
was examined to select the appropriate test. 
The histogram indicated that crossing speeds are non-normally distributed, with a high peak 
and a heavy-tail compared to a normal distribution (Appendix 6AA). This is supported by the 
high positive kurtosis value, indicating a leptokurtic distribution (Appendix 6AB). The 
Kolgmorov-Smirnov (K-S) and Shapiro-Wilk (S-W) tests were inconsistent (Appendix 6AB), 
with a non-significant K-S test (p>0.05), and a significant (p<0.05) S-W test. As there is 
evidence of non-normality in the histograms and the tests of normality, the non-parametric 
Mann-Whitney test was used to test the hypothesis that there is a significant difference 
between crossing speeds within Acorn Road. As discussed, mean crossing speeds are lowest 
in the centre of Acorn Road, so crossing speeds in sections 1-4 and 14-17 were compared to 
crossing speeds in sections 5-13 (Table 6.16). 
Table 6.16 - Mann-Whitney test of variance in pedestrian crossing speed in sections 1-4 and 
14-17 and sections and 5-13 before the development of Acorn Road 
Sections N Mean Rank r Test Statistic Significance 
1-4; 5-13 222 196 -.075 15686 .145 
5-13 155 179 
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The Mann-Whitney test was non-statistically significant (p>0.05), indicating that the null 
hypothesis that there is not a significant difference between pedestrian crossing speeds in the 
centre of Acorn Road and at either end is accepted. 
This finding suggests that the differences in seasonality between the footage taken in the 
centre of Acorn Road and at either end did not have a significant effect on the speed 
pedestrian crossing movements.  
This suggests that crossing speeds may have been influenced by other factors. Several studies 
into crowd dynamics have demonstrated that pedestrian walking speeds decrease as group 
size increases. Moussaïd et al. (2010) found that pedestrian walking speeds decreased linearly 
with group size, and Gates et al. (2006) found that groups of two or more pedestrians crossed 
the road 0.1 to 0.2 m/s slower than individual pedestrians. In order to examine whether there 
is an association between crossing speed and group size in Acorn Road, the crossing speeds of 
groups of two or more pedestrians were compared to the crossing speeds of individual 
pedestrians. The tests of normality provided evidence of non-normality within the crossing 
speed samples, so the Mann-Whitney test was used to test the hypothesis that there is a 
statistically significant (p<0.05) difference between the two samples (Table 6.17). 
Table 6.17 - Mann-Whitney test of variance in crossing speed between individual pedestrians 
and pedestrians in a group of two or more before the development of Acorn Road 
Pedestrian N Mean Rank r Test Statistic Significance 
Individual 270 207 -.258 9659 .000 
Group 107 144 
 
The Mann-Whitney test was highly statistically significant (p>0.001), indicating that the null 
hypothesis is rejected, and the alternate hypothesis that there is a highly significant difference 
between the crossing speeds of individual pedestrians, and pedestrians in a group of two or 
more is accepted. In order to determine the direction of the difference, the mean ranks were 
examined. The mean ranks were higher for individual pedestrians, compared to pedestrians in 
a group of two or more, indicating higher crossing speeds. This finding supports the research 
evidence from Moussaïd et al. (2010) and Gates et al. (2006).  
There were differences in pedestrian crossing number along Acorn Road, with 77% of the 
crossing movements in the middle sections made by individual pedestrians, compared to 68% 
of the crossing movements in the sections at either end. However, this difference did not 
appear to have an effect on crossing speed, suggesting that there are other factors that 
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influence this behaviour. Ishaque and Noland (2008) found that pedestrian crossing speeds are 
associated with age, gender and trip purpose, and these variables may have influenced 
crossing speed in Acorn Road. 
6.4. Discussion 
This chapter examined the perceptions and behaviour of Acorn Road users before its 
development using a mixture of observational and attitudinal research. 
In order to analyse how users perceive aspects of the environment relating to the purposes of 
shared space schemes, a 29 item attitudinal scale was used. Statements with responses 
clustered at the high and low extremes were identified (Table 2 and 3). The pattern of 
responses suggested that users have positive perceptions of safety of the environment, and 
believe that Acorn Road is a thriving retail environment that meets their shopping needs. 
There are, however concerns over vehicle traffic in Acorn Road, and the impact this has on 
congestion and accessibility. The angle, speed and location of crossing movements were 
recorded to analyse if these attitudinal findings were reflected in the observed crossing 
behaviour of pedestrians. Though there were temporal inconsistencies in the data, analysis of 
the location of crossing movements suggested there are variations in accessibility in Acorn 
Road, with high crossing volumes in some sections and low crossing volumes in others. The 
variance in crossing volumes was linked to vehicle parking, with fewer pedestrians crossing 
in the areas that were covered by vehicle parking. This suggests that the survey findings 
indicating concerns regarding vehicle traffic and accessibility are reflected in the crossing 
behaviour of pedestrians. Vehicle parking will be redistributed after the development of 
Acorn Road, with fewer parking bays in the centre of the street and more parking bays on the 
eastern side. By measuring crossing volumes it will be possible to measure the effects on 
pedestrian accessibility. Acorn Road will be converted from a two-way to a one-way flow of 
traffic after development and this is likely to reduce vehicle volume. By surveying road users 
and observing crossing movements, it will be possible to examine whether this improves the 
accessibility of the street. 
Analysis of the angle of crossing movements suggested that there are also variations in 
perceptions of safety, with significantly wider angles in the centre of Acorn Road, compared 
to the sections at either end. Crossing angles were narrow in section 1 and section 17, 
suggesting that pedestrians feel less safe here, and cross on narrow angles to minimise the 
amount of time they spend in the roadway. In the development of Acorn Road, two smaller 
raised platforms of shared space will be constructed in sections 1 and 17. By recording 
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crossing angles after the development it will be possible to examine if these platforms 
improve pedestrian perception of safety.   
In order to examine whether there are differences in the attitudes of different types of Acorn 
Road user, the correlations between the demographic and socio-economic characteristics of 
participants and their attitudes were analysed. Several tests were used to determine whether 
there was a significant difference in attitudes. There was a significant correlation between age 
and attitudes towards Acorn Road, with older respondents more likely to have negative 
perceptions of certain aspects of Acorn Road than younger participants. There were also 
significant differences in the attitudes of males and female respondents, with females more 
likely to have negative perceptions of certain aspects of the environment than males. The 
negative perceptions of females were centred on vehicle traffic and the interactions between 
road users. These findings are supported by research by Holland and Hill (2007), which found 
that that women generally felt that a harmful outcome was more likely when crossing over the 
road than men. As discussed, the development of Acorn Road will reduce vehicle flow. It will 
be interesting to examine whether this improves the negative attitudes of females.  
To examine if there are any underlying themes that characterise attitudes towards Acorn Road 
before its development, a factor analysis was carried out. Three factor groups were created: 
'Movement and Interaction' 'Vehicle Traffic' and 'Ambience'. The statements in 'Vehicle 
Traffic' are all negatively phrased and relate to the negative consequences of vehicle traffic in 
Acorn Road. The breakdown of the Likert scores to these statements (Table 1) indicated that 
users are concerned about these issues, with all but one of the statements having a greater 
proportion of respondents agreeing with them (indicated by a Likert score of 1-3), than 
disagreeing with them (indicated by a Likert score of 5-7). The objective of Acorn Road's 
development is to create a better environment for pedestrians and cyclists by reducing the 
impact of vehicle traffic. It will be interesting to examine whether the changes to Acorn Road 
improve perceptions of vehicle traffic.  
The final objective of the attitudinal and observational research was to examine how the 
findings shape recommendations for the development of Acorn Road. The plans for the 
development of Acorn Road involve the construction of a main raised platform of shared 
space covering section 5 to section 13. The analysis of angle of crossing movements 
demonstrated, however that crossing angles are already relatively wide in sections 5-13, with 
narrower angles in sections 1-4 and 14-17. Sections 2, 3, 15 and 16 will be uncovered by the 
raised platforms after the development, and the relatively narrow crossing angles in these 
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sections suggest the raised platforms of shared space should be extended to cover the entirety 
of Acorn Road.  
Survey evidence indicated that there are concerns over vehicle traffic in Acorn Road, and the 
effect it has on the accessibility of the street. The plans for the development include reducing 
vehicle flow by making the street one-way to traffic. This is likely to reduce congestion on the 
road, but on its own may not improve pedestrian accessibility. Several studies (e.g. Meng and 
Thu, 2004; Wade-Walker et al., 2000) have demonstrated that vehicles travel at higher speeds 
on one-way streets than two-way streets. This is because one-way streets, by removing on-
coming traffic, reduce the 'friction' that motorists experience on the street (Zegeer et al., 2002). 
An increase in vehicle speed after the development of Acorn Road is likely to have negative 
consequences for the accessibility of the street. The introduction of shared space could play an 
important role in ensuring vehicle speeds are low after the development.  
As described by Engwicht (2005) shared space can act as a ‘Mental Speed Bump’. The 
presence of people in streets and the absence of signs explaining why they are there, cause 
motorists to slow down and drive more carefully. If the shared space in Acorn Road maintains 
low vehicle speeds, the reduction in congestion caused by the one-way scheme should 
improve pedestrian accessibility.   
6.5 Conclusion 
The findings of this chapter have helped to shed light on the suitability of a shared space 
scheme for Acorn Road. They have shown that though users perceive the street as a safe 
environment that meets their shopping needs, there is an issue surrounding traffic congestion 
and the severance effect it has on pedestrian accessibility.  
The implementation of a one-way vehicle traffic scheme on Acorn Road should improve 
congestion on the street. To improve pedestrian accessibility though, it is important that 
vehicle speeds are kept low after the development.  
Work on the development of Acorn Road was completed in December 2015. The survey and 
observational research carried out in this chapter were repeated in Chapter 7, and the findings 
of the before-after case study provide a novel insight into the effect of shared space on 
behaviour and attitudes.
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Chapter 7: Examining Pedestrian Attitudes and Behaviour after the 
Development of Acorn Road 
 
7.1 Introduction 
In December 2015 Acorn Road was developed from a segregated mixed-use high street into a 
traffic calmed street with elements of shared space. This chapter examines behaviour and 
attitudes in Acorn Road after its development.  
The results of the attitudinal survey carried out after the development are presented, along 
with the findings of the analysis of pedestrian crossing behaviour. Section 7.2 outlines the 
characteristics of the survey sample and the findings of the survey research. Section 7.3 
presents the findings of the video analysis into pedestrian crossing behaviour. The chapter 
finishes with a summary of the key attitudinal and behavioural findings after the development 
of Acorn Road, and their implications for the design of shared space. 
7.2 Attitudinal Research 
The aim of the attitudinal research is to examine attitudes towards Acorn Road after its 
development. The research questions are as follows: 
5. How do users perceive the ambience of the environment, interactions between road 
users, economic vitality, safety, vehicle dominance and freedom of movement in 
Acorn Road? 
6. Are there any differences in the attitudes of different types of Acorn Road user? 
7. Which underlying factors characterise attitudes towards Acorn Road after its 
development? 
8. How do these factors help to shape the purposes of shared space design?  
7.2.1 Attitudinal Statements 
The survey consisted of 29 statements designed to measure attitudes towards Acorn Road. 
Table 7.1 shows the breakdown of Likert scores for these statements, with the percentage of 
responses for each statement given. A Likert score of 1 indicates that the participant strongly 
agreed with the statement, and a Likert score of 7 indicates that they strongly disagreed. A 
score of 4 indicates that they neither agreed nor disagreed. The frequency distributions for 
each statement are displayed in Appendix 7A. 
 
 
137 
 
Table 7.1 – Breakdown of the Likert scores for the 29 attitudinal statements  
 Likert Score (% of respondents) 
Statement 1 2 3 4 5 6 7 
1. Acorn Road is a noisy street (n=499) 3.6% 6.4% 18.4% 21.8% 20.2% 14.8% 14.6% 
2. I feel safe crossing the road (n=500) 37.4% 24.8% 14.8% 11.8% 4.8% 3.2% 3.2% 
3. It is not safe to leave your bicycle 
(n=334) 
6.9% 5.4% 8.4% 22.2% 12.6% 16.2% 28.4% 
4. Whilst chatting to friends in Acorn Road I 
feel safe (n=493) 
67.3% 19.9% 3.9% 4.1% 1.6% 1.2% 2.0% 
5. Acorn Road is poorly-suited for disabled 
people (n=465) 
5.8% 9.9% 14.6% 18.1% 12.0% 18.1% 21.5% 
6. Traffic congestion is a major problem 
(n=498) 
14.7% 12.9% 16.9% 17.7% 13.3% 13.7% 11.0% 
7. Drivers are very inconsiderate to 
pedestrians (n=496) 
9.9% 10.5% 16.7% 22.2% 13.5% 15.5% 11.7% 
8. Pedestrian crossings are located 
conveniently (n=491) 
19.1% 15.3% 12.0% 18.7% 11.2% 11.6% 12.0% 
9. Acorn Road is a thriving retail area 
(n=500) 
36.0% 23.8% 17.0% 8.4% 10.4% 2.8% 1.6% 
10. The footpaths are wide enough for 
pedestrians (n=500) 
64.2% 21.4% 5.0% 3.4% 1.8% 1.2% 3.0% 
11. Cyclists are safe on Acorn Road (n=455) 20.2% 18.2% 15.4% 19.3% 8.8% 10.1% 7.9% 
12. Pedestrians and cyclists are considerate 
to each other (n=487) 
19.3% 18.3% 12.5% 21.1% 10.9% 9.2% 8.6% 
13. I’d use Acorn Road more if there was 
less traffic (n=486) 
6.0% 6.4% 7.6% 12.8% 5.1% 14.8% 47.3% 
14. Pedestrians and vehicles are 
considerate to each other (n=497) 
15.7% 14.1% 17.1% 24.1% 13.7% 9.1% 6.2% 
15. Vehicles travel too fast (n=500) 11.2% 11.0% 16.6% 19.8% 11.6% 14.4% 15.4% 
16. Cyclists and vehicles are considerate to 
each other (n=468) 
11.5% 11.3% 12.6% 28.6% 16.0% 13.0% 6.8% 
17. I often stop to talk to friends and family 
on Acorn Road (n=483) 
24.2% 14.9% 13.9% 13.9% 10.4% 9.3% 13.5% 
18. Acorn Road is quiet during the night 
(n=413) 
12.6% 14.8% 17.7% 26.6% 14.5% 8.7% 5.1% 
19. Antisocial behaviour is a major problem 
on Acorn Road (n=465) 
4.5% 5.8% 7.5% 14.0% 11.4% 25.6% 31.2% 
20. Acorn Road is an attractive place to visit 
(n=500) 
31.8% 27.8% 18.4% 11.6% 5.2% 2.8% 2.4% 
21. Parked cars make it very difficult to 
cross Acorn Road (n=498) 
8.8% 10.4% 13.3% 14.1% 12.4% 18.5% 22.5% 
22. Acorn Road does not meet my everyday 
shopping needs (n=496) 
9.3% 8.3% 8.5% 10.3% 10.5% 20.4% 32.9% 
23. I find the traffic fumes unpleasant 
(n=496) 
7.7% 6.3% 8.1% 12.7% 12.3% 19.8% 33.3% 
24. There are not enough parking spaces on 
Acorn Road (n=472) 
20.1% 14.0% 9.1% 17.8% 8.5% 12.5% 18.0% 
25. Acorn Road has a calm atmosphere 
(n=498) 
24.9% 23.3% 18.5% 15.3% 9.6% 5.6% 2.8% 
26. I feel safe walking around Acorn Road 
(n=500) 
62.0% 24.6% 7.0% 3.8% 1.0% .6% 1.0% 
27. I trust drivers to slow down when I cross 
Acorn Road (n=499) 
22.2% 17.0% 17.2% 12.0% 11.2% 9.2% 11.0% 
28. Acorn Road is a clean street (n=500) 37.2% 31.2% 15.0% 9.4% 3.0% 1.6% 2.6% 
29. There are not enough green spaces on 
Acorn Road (n=490) 
22.4% 13.9% 15.7% 19.0% 7.8% 8.2% 13.1% 
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Statements with responses clustered at the high (Likert score of 7) and low (Likert score of 1) 
were identified to examine which aspects of Acorn Road respondents were particularly 
satisfied or dissatisfied with. Statements which more than 25% of the respondents strongly 
agreed or strongly disagreed with were selected (Table 7.2 and Table 7.3). 
Table 7.2 – Statements with responses clustered at the low extreme (strongly agree)  
Statement Strongly Agree  
'I feel safe crossing the road' 37.4% 
'Whilst chatting to friends in Acorn Road I feel safe' 67.3% 
'Acorn Road is a thriving retail area' 36.0% 
'The footpaths are wide enough for pedestrians' 64.2% 
'Acorn Road is an attractive place to visit' 31.8% 
'I feel safe walking around Acorn Road' 62.0% 
'Acorn Road is a clean street' 37.2% 
There were seven statements that more than 25% of respondents strongly agreed with (Table 
7.2). All of these statements were positively phrased, indicating favourable attitudes towards 
Acorn Road after its development. The statements related to perceptions of safety, the 
ambience of the environment, economic vitality and accessibility. The responses suggest that 
users of Acorn Road feel safe socialising in and moving around the street, feel the 
environment is attractive and clean, believe the footpaths are accessible for pedestrians and 
believe it has a successful retail environment.  
Table 7.3 – Statements with responses clustered at the high extreme (strongly disagree) 
Statement Strongly Disagree  
'It is not safe to leave your bicycle' 28.4% 
'I’d use Acorn Road more if there was less traffic' 47.3% 
'Antisocial behaviour is a major problem on Acorn Road' 31.2% 
'Acorn Road does not meet my everyday shopping needs' 32.9% 
'I find the traffic fumes unpleasant' 33.3% 
There were five statements that more than 25% of respondents strongly disagreed with (Table 
7.3). All the statements were negatively phrased, providing further evidence of positive 
attitudes towards Acorn Road after its development. The statements related to the negative 
consequences of vehicle traffic on Acorn Road, crime safety, ambience and economic vitality. 
The responses indicated that users are not concerned about traffic fumes in Acorn Road after 
its development, and would not use Acorn Road more if there was less vehicle traffic. They 
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also indicate that users do not believe antisocial behaviour or bicycle theft are issues in Acorn 
Road, and feel that the range of shops meet their everyday shopping needs.  
In summary, the responses to the statements in Table 7.2 and Table 7.3 indicate positive 
attitudes towards Acorn Road after its development. These positive attitudes focus on the 
safety and ambience of the environment, the economic vitality, the negative consequences of 
vehicle traffic, and the accessibility of the footpaths.  
In order to determine which aspects of Acorn Road did not evoke strong opinions from 
participants, statements with responses clustered at the middle of the Likert Scale (Likert 
Score of 4) were identified. Statements which more than 25% of the respondents neither 
agreed nor disagreed with were selected (Table 7.4). 
Table 7.4 – Statements with responses clustered in the middle of the Likert Scale  
Statement Neither Agree nor Disagree  
'Cyclists and vehicles are considerate to each other' 28.6% 
'Acorn Road is quiet during the night' 26.6% 
There were two statements that more than 25% of respondents neither agreed nor disagreed 
with (Table 7.4). These statements related to perceptions of road user interactions, and 
environmental ambience. The responses indicated that users do not have strong opinions on 
cyclist-vehicle interaction and night-time noise in Acorn Road after its development.    
7.2.2 Normality Tests 
To determine whether the attitudinal statements should be analysed using a parametric or non-
parametric statistical test of variance, the normality of the data was examined. First, the 
distribution of Likert scores in each attitudinal statement were examined visually using bar 
charts (Appendix 7A).  
The distributions generally exhibit a high degree of non-normality, with a mixture of 
positively and negatively skewed data, and leptokurtic and platykurtic distributions. To 
quantify the skewness and kurtosis of the distributions, skewness and kurtosis values were 
calculated (Appendix 7B). Though there is some evidence of normality, with statement 15 
having a low skewness value of -.033, and statement 9 having a low kurtosis value of -.021, 
there is also strong evidence of non-normality, with statement 4 having a skewness value of 
2.58, and statement 26 having a kurtosis value of 7.33. 
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As a final test of normality, the Kolmogorov-Smirnov (K-S) test and Shapiro-Wilk (S-W) test 
were carried out on the Likert scores (Appendix 7B). All K-S and S-W tests were highly 
significant (p<0.001), indicating that the distributions are significantly different from a 
normal distribution. The K-S and S-W tests support the evidence of non-normality in the 
skewness and kurtosis values and the visual analysis of the frequency distributions, and 
indicate that the responses to the attitudinal statements are non-normally distributed.  
7.2.3 Factor Analysis 
A factor analysis was carried out to further the understanding of attitudes towards Acorn after 
its development, and to test for underlying dimensions which may characterise them. 
Prior to conducting the factor analysis, the inter-correlation between the Likert Scale values 
for the 29 attitudinal statements were examined (Appendix 7C). Spearman's correlation 
coefficients were used because the Likert scale data is non-normally distributed. Seven 
statements: 'It is not safe to leave your bicycle', 'Acorn Road is poorly suited for disabled 
people', 'I often stop to talk to friends and family on Acorn Road', 'Acorn Road is quiet during 
the night', 'Acorn Road does not meet my everyday shopping needs', 'There are not enough 
parking spaces on Acorn Road' and 'There are not enough green spaces on Acorn Road' did 
not have any coefficients above .3, so were removed from the factor analysis.  
A principal component analysis was carried out on the remaining 22 statements with 
orthogonal rotation (varimax). The Kaiser-Meyer-Olkin score of .873 confirmed the sample 
size was adequate, and the Barlett’s test of sphericity was significant at the 0.05 level of 
probability, indicating that the correlations between the statements were large enough to 
conduct a principle component analysis. 
The sample has a mean communality of .52 and a sample size of 500, so the slope of the line 
in the scree plot was used to determine how many factors to retain in the first exploratory 
factor analysis (Stevens, 2002). 
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Figure 7.1 - Scree plot of the factor analysis after the development  
 
There is a change in the slope of the line at the fourth data point (Figure 7.1), suggesting that 
three components should be retained in the factor analysis (Cattell, 1966). An exploratory 
factor analysis was run with three factors, and the correlation matrix is displayed in Table 7.5. 
Factor loadings above .4 are highlighted in red to ease interpretation of the table.  
The statements that cluster on factor one relate to perceived road safety for pedestrians and 
cyclists and interactions between all road users. The statements that cluster on factor two 
relate to the perceived negative consequences of vehicle traffic in Acorn Road, with the 
exception of 'Antisocial behaviour is a major problem on Acorn Road', which relates to the 
perceived ambience of the environment. The statements that cluster on factor three relate to 
the perceived ambience and safety of the environment, with the exception of 'The footpaths 
are wide enough for pedestrians', which relates to the perceived freedom of movement and 
'Acorn Road is a thriving retail area', which relates to the perceived economic vitality. The 
statements in factor one share the common theme of road safety and interactions, but there are 
issues with the second and third factor groups, with not all the statements sharing the common 
themes of vehicle traffic and environmental ambience and safety.  
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Table 7.5 - Three component factor analysis 
 
Statement F1: Road Safety 
and Interactions 
F2: Vehicle 
Traffic 
F3: Ambience/ 
Safety          
1. Cyclists and vehicles are considerate to each other .746 -.143 .056 
2. Pedestrians and cyclists are considerate to each other .731 .002 .164 
3. Cyclists are safe on Acorn Road .705 -.067 .261 
4. Pedestrians and vehicles are considerate to each other .695 -.263 .132 
5. I trust drivers to slow down when I cross Acorn Road .594 -.386 .031 
6. Pedestrian crossings are located conveniently .432 .004 .334 
7. Parked cars make it difficult to cross Acorn Road -.122 .649 -.121 
8. I find the traffic fumes unpleasant -.074 .628 -.200 
9. I'd use Acorn Road more if there was less traffic .020 .555 -.113 
10. Vehicles travel too fast -.414 .549 .067 
11. Traffic congestion is a major problem -.325 .516 .047 
12. Antisocial behaviour is a major problem on Acorn Road -.012 .513 -.095 
13. Drivers are very inconsiderate to pedestrians -.452 .505 .006 
14. Acorn Road is a noisy street -.162 .480 -.133 
15. The footpaths are wide enough for pedestrians .068 -.092 .692 
16. I feel safe walking around Acorn Road .033 -.385 .600 
17. Acorn Road is a thriving retail area .060 .048 .584 
18. Whilst chatting to friends in Acorn Road I feel safe .046 -.060 .583 
19. Acorn Road is an attractive place to visit .127 -.003 .571 
20. Acorn Road has a calm atmosphere .299 -.288 .493 
21. Acorn Road is a clean street .095 -.285 .483 
22. I feel safe crossing the road .326 -.153 .411 
 Cronbach’s Alpha α .780 .731 .716 
The issues with the three component analysis suggest that that the scree plot may have 
underestimated the number of factors to retain in the analysis. In light of this, a further 
exploratory factor analysis was run with four factors, and the results are displayed in 
Appendix 7D. Factor loadings above .4 are again highlighted in red to ease interpretation of 
the table. The statements that cluster on factor one relate to perceived road safety and 
interaction between users. The statements that cluster on factor two relate to perceptions of 
safety, with the exception of 'Acorn Road is a thriving retail area' which relates to perceptions 
of economic vitality, and 'Acorn Road is an attractive place to visit' which relates to 
perceptions of the ambience of the environment. The statements that cluster on factor three 
relate to the perceived negative consequences of vehicle traffic on Acorn Road, and the 
statements that cluster on factor four relate to the perceived ambience of Acorn Road. Though 
the statements in factor one, three and four share a common theme, there are issues with 
factor two, which contains statements that relate to different themes. 
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The exploratory factor analyses demonstrated that there are issues with retaining three and 
four factors in the analysis. A further factor analysis was run with five factors, and the results 
are displayed in Appendix 7E. Factor loadings above .4 are highlighted in red. There are 
serious issues with this analysis, with factor group five only containing one item. This 
indicates that either three or four factors should be retained in the analysis. In order to decide 
how many factors to retain, the reliability of each factor group was tested by calculating 
Cronbach's alpha values. Alpha values varied between .716 and .780 in the three component 
analysis (Table 7.5), and between .496 and .796 in the four component analysis (Appendix 
7D). Kline (1999) argued that the reliability of a test used with individuals should be greater 
than .7, and Field (2013) stated that a value of .7 to .8 is an acceptable value for Cronbach's 
alpha, with values substantially lower than this indicating an unreliable scale. All alpha values 
in the three component analysis fall within the range of .7 to .8, indicating that the three 
factors reliably measure attitudes towards Acorn Road. Only one alpha value in the four 
component analysis falls within the range of .7 to .8, and the alpha value for the fourth factor 
is substantially lower than .7, indicating an unreliable scale. In light of this, the three 
component factor analysis was selected.  
7.2.4 Sampling 
The survey used a quota sampling methodology, with the age, gender, occupation and 
ethnicity of participants matched to census data for Newcastle upon Tyne. Chi-square tests 
were carried out to check the accuracy of the sample, and test the hypothesis that there is a 
statistically significant (p<0.05) difference between the survey sample and the census data. 
9 out of the 15 age groups had non-significant (p>0.05) chi-square values, indicating an 
accurate quota sample (Appendix 7F). The age groups ‘35-39’ ‘50-54’, ‘60-64’, ‘65-69’, ‘80-
84’ and ‘90 and above’ had significant (p<0.05) chi-squared values, indicating an inaccurate 
quota sample.  
Six ethnicity categories were used in the survey: ‘White British’, ‘White Other’, ‘Mixed’, 
‘Asian’, ‘Black’ and ‘Other’. Two ethnicity categories ‘Mixed’ and ‘Other’ had non-
significant chi-square values, indicating an accurate quota sample (Appendix 7G).  
3 out of the 11 occupational groups had non-significant chi-squared values, indicating an 
accurate quota sample. These occupational groups were ‘Student’, ‘Self-employed’ and 
‘Administrative’ (Appendix 7H).  
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The chi-square test of gender was non-significant (Appendix 7I), indicating that there is no 
significant difference between the balance of genders in the survey sample and census data. 
In summary, this analysis has indicated that the quota sampling used in this survey produced 
an accurate sample of gender, indicating that the null hypothesis that there is not a statistically 
significant difference in the proportions of gender in the survey and census samples is 
accepted. The quota sampling produced a partially accurate sample of age, indicating that null 
hypothesis is accepted for 9 out of the 15 age groups. However, it produced inaccurate 
samples of ethnicity, indicating that the null hypothesis is rejected, and the alternate 
hypothesis that there is a statistically significant difference between the survey and census 
samples is accepted for 4 out of the 6 ethnicity groups. It also produced an inaccurate sample 
of occupation, with the alternate hypothesis accepted for 8 out of the 11 occupational groups. 
In order to examine the implications of these inaccuracies on the representativeness of the 
survey, the correlations between participant characteristics and attitudes towards Acorn Road 
were examined.  
7.2.5 The effect of Age on Attitudes 
Spearman’s correlation coefficients were calculated to test the hypothesis that there is a 
statistically significant (p<0.05) correlation between age and attitudes. 
Table 7.6 - The correlation between age and Likert scores 
Statement Coefficient Significance  
'Acorn Road is a noisy street' .205 .000 
'Drivers are very inconsiderate to pedestrians' .108 .016 
'Cyclists are safe on Acorn Road' .097 .038 
'Pedestrians and cyclists are considerate to each other' .164 .000 
'I’d use Acorn Road more if there was less traffic' .108 .017 
'Parked cars make it very difficult to cross Acorn Road' .170 .000 
'There are not enough parking spaces on Acorn Road' .192 .000 
'Acorn Road is a thriving retail area' -.237 .000 
'The footpaths are wide enough for pedestrians' -.136 .002 
 
There was a significant (p<0.05) correlation between age and nine attitudinal statements 
(Table 7.6), indicating that the null hypothesis is rejected, and the alternate hypothesis is 
accepted. There was a positive correlation between age and seven of these statements, 
indicating that as participant age increased, Likert scores increased and participants were 
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more likely to disagree with the statement. There was a negative correlation between age and 
two attitudinal statements, indicating that as age increased, Likert scores decreased and 
participants were more likely to agree with the statement. 
Five out of the seven statements that had a positive correlation with age were negatively 
phrased, and both of the statements that had a negative correlation with age were positively 
phrased. This indicates that there is an association between age and attitudes towards Acorn 
Road after its development, with older participants having more positive perceptions than 
younger participants. In order to examine whether these positive perceptions are centred on 
certain aspects of the environment, the factor groups were examined (Table 7.5). Of the seven 
statements in which the pattern of responses indicated that older people had more positive 
perceptions than younger people, one 'There are not enough parking spaces on Acorn Road' 
was not included in the factor analysis as its coefficients with the other statements were all 
below .3. Of the remaining six statements, four were in the second factor group 'Vehicle 
Traffic', indicating that older participants had more positive perceptions of some of the 
negative consequences of vehicle traffic than younger participants. The other two statements 
were in factor group 3, but did not relate to the factor theme of ambience and safety, instead 
to the economic vitality and accessibility of Acorn Road. The two statements in which the 
pattern of responses indicated that older participants had more negative perceptions: 'Cyclists 
are safe on Acorn Road' and 'Pedestrians and cyclists are considerate to each other' are both in 
the first factor group, indicating that older participants may have more negative perceptions of 
road user safety and interaction in Acorn Road, particularly regarding cyclists.  
In order to explore the reasons behind the positive correlations between age and attitudes, the 
correlations between participant age and the trip frequency, living time, time spent and walk 
length characteristics were examined (Appendix 7J).  
There was a significant (p<0.05) correlation between age and nine participant characteristics. 
Examining the correlation coefficients, all fall below ±.4, indicating low or very low positive 
or negative correlations (Cohen and Holliday, 1982), with exception of the correlation 
between age and living time, which had a coefficient of .69, indicating a modest positive 
correlation (Cohen and Holliday, 1982). This correlation indicates that older participants are 
likely to have lived in the local area for longer than younger participants. This may be linked 
to the prevalence of students in the youngest age group, with 85% of the 18-24 year olds 
being students. A Mann-Whitney test was used to test the hypothesis that there is a 
statistically significant (p<0.05) difference between the living times of students, and other 
occupation groups in the sample (Appendix 7K). A two-tailed, non-directional hypothesis was 
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used. H0: there is not a significant difference between the living time of students and other 
occupational groups; H1: there is a significant difference. The test was highly significant 
(p<0.001), indicating that the null hypothesis is rejected, and the alternate hypothesis that 
there is a significant difference between the living times of students and other occupations 
groups is accepted. The mean ranks indicate that students have lived in the local area for a 
significantly shorter length of time. This suggests that the positive correlations between age 
and perceptions of Acorn Road may be linked to living time, with respondents who have lived 
in the local area for longer more likely to have positive perceptions of Acorn Road. 
In order to examine this, a Spearman's correlation coefficient was used to test the hypothesis 
that there is a statistically significant correlation (p<0.05) between living time and attitudes 
(Table 7.7). A two-tailed, non-directional hypothesis was used. H0: there is not a significant 
correlation between living time and attitudes; H1; there is a significant correlation. There was 
a significant (p<0.05) correlation between living time and ten attitudinal statements, 
indicating that the null hypothesis is rejected, and the alternate hypothesis is accepted (Table 
7.7). Eight correlation coefficients were positive, indicating that as living time increased, 
Likert scores increased. Two correlation coefficients were negative, indicating that as living 
time increased, Likert scores decreased. Six out of the eight statements with positive 
coefficients were negative statements about Acorn Road, and both of the statements with 
negative coefficients were positive statements about Acorn Road. This indicates that there is 
an association between living time and attitudes, with people who have lived locally for 
longer more likely to have positive perceptions of certain aspects of the environment.   
Table 7.7 - Significant correlations between living time and attitudinal statements 
Statement Coefficient Sig.  
'Acorn Road is a noisy street' .149 .004 
'Drivers are inconsiderate to pedestrians' .115 .025 
'Acorn Road is a thriving retail area' -.151 .003 
'The footpaths are wide enough for pedestrians' .115 .025 
'Pedestrians and cyclists are considerate to each other' .111 .031 
'I'd use Acorn Road more if there was less traffic' .137 .008 
'I often stop to talk to friends and family' -.151 .003 
'Parked cars make it very difficult to cross Acorn Road' .190 .000 
'There are not enough parking spaces on Acorn Road' .132 .012 
'There are not enough green spaces on Acorn Road' .110 .033 
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Out of the eight statements in which the pattern of responses indicated that people with longer 
living times had more positive responses, six were also associated with age, with older 
respondents having more positive perceptions. This suggests that living time, age and 
attitudes towards Acorn Road may all be linked together.  
7.2.6 The effect of Gender on Attitudes   
In order to examine whether the gender of participants had a significant effect on their 
attitudes towards Acorn Road, a Mann-Whitney test of variance was used. There was a 
statistically significant (p<0.05) difference between the male and female responses to 14 out 
of the 29 attitudinal statements, indicating that the null hypothesis is rejected, and the 
alternate hypothesis that there is a significant difference in male, compared to female 
responses for these 14 statements is accepted.  The Mann-Whitney test statistics for these 14 
statements are displayed in Appendix 7L (see Table 7.1 for list of statements). 
In order to determine the direction of this difference, the mean ranks were examined. The 
mean ranks were higher for males than females for statements 1, 5, 6, 7, 15, 17, 19 and 21, 
indicating that males were significantly more likely to disagree with these statements than 
females. The mean ranks were higher for females than males for statements 2, 11, 12, 25, 26 
and 27, indicating that females were significantly more likely to disagree with these 
statements than males. Seven out of the eight statements that males were more likely to 
disagree with were negatively phrased, and all of the statements that females were more likely 
to disagree with were positively phrased. This indicates that there is an association between 
gender and attitudes towards Acorn Road, with females more likely to have negative 
perceptions of the environment than males.  
In order to examine whether females negative perceptions of Acorn Road after its 
development are centred on certain aspects of the environment, the factor groups were 
examined (Table 7.5). Out of the 13 statements in which the pattern of responses indicated 
that females had more negative perceptions than males, three were in factor group 1 and 
related to road interactions. Five statements were in factor group 2 and related to the negative 
consequences of vehicle traffic, and three statements were in factor group 3 and related to the 
ambience and safety of the environment. Two statements were either not included in the 
factor analysis or did not relate to the factor themes. This suggests that female negative 
perceptions were spread across different aspects of the environment, but there was a particular 
concern among females about the negative consequences of vehicle traffic.  
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In order to explore the potential causes of the association between gender and attitudes, 
further Mann-Whitney tests were run on gender and the time and frequency questions, and the 
demographic characteristics of participants. There was a significant gender difference in five 
time and frequency questions, indicating that the null hypothesis is rejected, and the alternate 
hypothesis that there is a significant difference in male, compared to female responses for 
these five characteristics is accepted (Appendix 7M). A significant difference was found 
between the cycling frequencies of male and female respondents, with female’s higher mean 
rank indicating that they have lower cycling frequencies than males. This may be  linked to 
females perceptions of cycling, with females significantly more likely to disagree with the 
statements 'Cyclists are safe on Acorn Road' and 'Pedestrians and cyclists are considerate to 
each other' than males. Females who cycle in Acorn Road rarely or not at all may be more 
likely to have negative perceptions of cycling.  
7.2.7 The effect of Ethnicity on Attitudes 
In order to examine if the ethnicity of respondents had a significant effect on their attitudes 
towards Acorn Road, a Kruskal-Wallis test was used. Out of the 29 attitudinal statements, 
only one statement: 'I would use Acorn Road more if there was less traffic' had a statistically 
significant (p<0.05) Kruskal-Wallis test, indicating that the null hypothesis should be rejected, 
and the alternate hypothesis that the responses to this statement were significantly affected by 
ethnicity is accepted (Appendix 7N). Despite the significant overall effect, none of the 
specific pairwise comparisons for this statement were significant.  
7.2.8 The effect of Occupation on Attitudes 
In order to examine if there are significant differences in the attitudes of different 
occupational groups, Kruskal-Wallis tests were performed. Seven attitudinal statements had 
statistically significant (p<0.05) Kruskal-Wallis tests, indicating that the null hypothesis is 
rejected, and the alternate hypothesis that the responses to these statements are significantly 
affected by occupation is accepted (Appendix 7O). Pairwise comparisons were performed to 
identify specific occupational groups which had significantly (p<0.05) different responses. 
Three statements had statistically significant (p<0.05) pairwise comparisons (Appendix 7P). 
All of the significant pairwise comparisons involved the occupational groups 'Student' 
'Professional and Technical' and 'Retired', with the mean ranks indicating that 'Retired' 
respondents have more positive perceptions of the ambience and economic vitality of Acorn 
Road after its development than 'Student' and 'Professional and Technical' respondents. The 
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mean ranks also indicated that 'Retired' respondents have more negative perceptions of the 
interactions between pedestrians and cyclists than 'Student' respondents.  
In order to identify the potential causes of the correlation between occupation and attitudes, 
the demographic make-up of the occupational groups was examined. As discussed, there is an 
association between age and perceptions of Acorn Road after its development, with older 
participants holding generally more positive perceptions than younger participants. A 
Kruskal-Wallis test was used to test the hypothesis that there is a significant difference 
between the ages of the different occupational groups. The test was highly statistically 
significant (p<0.001), indicating that the null hypothesis is rejected, and the alternate 
hypothesis that there is a significant difference in the ages of the different occupational groups 
is accepted (Appendix 7Q). In order to examine if there are significant differences between 
the ages of 'Student' 'Professional and Technical' and 'Retired' occupation groups, pairwise 
comparisons were performed and are presented in Appendix 7R. All the pairwise comparisons 
between these occupational groups were highly statistically significant (p<0.001), indicating 
that there are significant differences in ages. The mean ranks indicated that respondents who 
had a 'Retired' occupation were significantly older than those with a 'Professional and 
technical' or 'Student' occupation and that 'Professional and Technical' respondents were 
significantly older than 'Student' respondents. These findings indicate that the correlations 
between age and attitudes (Section 7.2.5), and occupation and attitudes are interconnected, 
with the different ages of the different occupational groups contributing to their different 
attitudes.  
In order to examine if the correlation between gender and attitudes outlined in Section 7.2.6 is 
linked to the correlation between occupation and attitudes, the Kruskal-Wallis test was used to 
test the hypothesis that there is a significant differences in the gender of the occupational 
groups. The test was non-significant (p>0.05), indicating that the null hypothesis that there is 
no significant difference in gender between the different occupational groups is accepted. 
7.2.9 Implications for the Survey Sample 
These correlations between user characteristics and attitudes have implications for the 
accuracy of the sampling (Section 7.2.4). Participant gender was found to have the strongest 
influence on attitudes, with 14 out of the 29 attitudinal statements having significant 
differences in responses. The sample of gender was accurate, with an even balance of males 
and females in both the survey sample and the census data. This has positive implications for 
the representativeness of the survey sample. Age was found to have the next strongest 
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influence on attitudes, with a significant (p<0.05) correlation between age and nine attitudinal 
statements. The age sample was not totally accurate, with 9 out of the 15 age groups having 
non-significant chi-square tests. This gives some cause for concern, and suggests that the 
survey sample may not be completely representative of the target population. There was an 
inaccurate sample of ethnicity (Section 7.2.4), but this is less of a concern as ethnicity had 
little effect on attitudes. The sample of occupation was also inaccurate, which may have 
affected the representativeness of the findings, as there was some correlation between 
occupation and attitudes.  
7.3 Observational Research 
The objective of the observational research is to examine how pedestrians move and interact 
with each other and their surroundings after the development of Acorn Road. The research 
questions are as follows: 
4. How do the angle, location and speed of crossing movements further the 
understanding of perceptions of safety and freedom of movement in Acorn Road, 
after its development? 
5. Are the findings of the attitudinal research reflected in the observed crossing 
behaviour of pedestrians? 
6. How do the results of the observational research help to shape the purposes of 
shared space design?  
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7.3.1 Angle and Location of Pedestrian Crossing Movements 
In order to analyse the variance in crossing behaviour along Acorn Road, the street was 
divided into 17 ten-metre sections (Table 7.8).  
Table 7.8 – Acorn Road sections crossing characteristics 
Section Area  No. of 
Crossings 
Crossings/ 
hr 
Median Crossing 
Angle: 0-90°/ 91-180° 
IQR: 0-90°/ 91-
180° 
1 0-10m 334 167 65° 113° 14° 11° 
2  >10-20m 133 67 53° 122° 20° 21° 
3  >20-30m 65 33 44° 126° 26° 26° 
4  >30-40m 71 36 43° 132° 12° 26° 
5  >40-50m 47 24 39° 137° 15° 12° 
6 >50-60m 45 23 59° 139° 44° 17° 
7 >60-70m 143 72 43° 147° 29° 19° 
8 >70-80m 210 105 39° 143° 21° 25° 
9 >80-90m 190 95 34° 145° 15° 30° 
10 >90-100m 82 41 41° 141° 25° 30° 
11 >100-110m 66 33 50° 138° 25° 33° 
12 >110-120m 44 22 53° 121° 24° 31° 
13 >120-130m 120 60 50° 139° 13° 15° 
14 >130-140m 43 22 42° 145° 9° 17° 
15 >140-150m 40 20 49° 137° 21° 27° 
16 >150-160m 71 36 65° 118° 12° 15° 
17 >160-170m 93 47 73° 106° 11° 12° 
1-17 0-170m 1797 53 51° 130° 28° 32° 
  
The crossing characteristics indicate differences in crossing behaviour along Acorn Road. 
Crossing movements are not evenly distributed. Sections 1 and 8 have more than 100 crossing 
movements per hour, and sections 5, 6, 12, 14 and 15 have less than 25 crossing movements 
per hour (Table 7.8). There is also variance in the angle of crossing movement. Median 
crossing angles in the 0-90° group varied from a low of 34° in section 9, to a high of 73° in 
section 17. Median crossing angles in the 91-180° group varied from a low of 106° in section 
17, to a high of 147° in section 7. In order to better illustrate the variation in crossing angle 
and volume along Acorn Road, two graphs are presented in Figure 7.2 and Figure 7.3. 
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Figure 7.2 - Bar chart to show the variation in the volume of crossing movements per hour 
along Acorn Road after development  
 
Figure 7.3 - Line chart to show the variation in the median angle of crossing movements 
along Acorn Road after development 
 
Section 1 has the highest volume of crossing movements per hour: 167. As discussed in 
Chapter 6, there is a Tesco's store on the northern side of Section 1, which partly explains the 
high volume of crossing movement in section 1. The high crossing flow in section 1 is also 
likely to be caused by pedestrians crossing here to continue passing down St Georges Terrace 
(Appendix 7S). Crossing volumes decrease markedly in section 2 and continue to decrease to 
section 6 (Figure 7.2).  
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The median crossing angles widen from section 1 to section 6, with the exception of the 
median value of crossing angles between 91° and 180° in section 6 (Figure 7.3). The narrow 
crossing angles in section 1 may be a result of pedestrians crossing Acorn Road to continue 
passing down St Georges Terrace, which runs adjacent to Acorn Road (Appendix 7S).  
The widening crossing angles from section 1 to section 6 suggest an improvement in 
pedestrian perceptions of safety. This may be linked to the main raised platform of shared 
space which begins in section 4 (Appendix 7S). The road narrows in width in the main raised 
platform from 8.3 metres in section 3 to 6.5 metres in section 6. The shorter crossing 
distances in the main raised platform may improve pedestrian confidence, which is reflected 
by the wider crossing angles. The physical characteristics of the raised platform; the level 
surface and reduced contrast between the roadway and footway may also improve pedestrian 
confidence.  
Crossing volumes increase and median crossing angles widen in sections 7, 8 and 9 (Figure 
7.2 and Figure 7.3). This suggests that these sections are more accessible, and pedestrians 
have improved perceptions of safety when crossing the road here. The highest volume of 
crossing movements is in section 8 which may be linked to the kerb extension (Appendix 7T). 
Kerb extensions reduce the crossing distance for pedestrians and can also act as a traffic 
calming measure, narrowing the width of the roadway and encouraging vehicles to slow down. 
These factors may improve pedestrian confidence and encourage pedestrians to cross the road 
here.  
In order to further explore the link between crossing distance and accessibility, the density of 
crossing movements in the areas of Acorn Road that were covered by the raised platforms of 
shared space and had reduced crossing distances was calculated, and compared to the density 
in the areas not covered. The density of crossing movements in the area covered by the raised 
platforms was 12 movements per metre. The density in the areas not covered by the main 
raised platform was 7.6 movements per metre. This suggests that the level surfaces, reduced 
crossing distances and reduced demarcation between the roadway and footway in the raised 
platforms have a positive effect on pedestrian accessibility, with more pedestrians crossing the 
road in these areas.  
Section 9 has the widest overall median crossing angles of any section in Acorn Road, 
suggesting high perceptions of safety. Crossing volumes decrease sharply in section 10 and 
continue to decrease to section 12 (Figure 7.2). Median crossing angles also narrow in these 
sections. There is increased vehicle parking in sections 10-12, compared to sections 8 and 9. 
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This may be linked to the lower crossing volumes in sections 10-12. In order to examine 
whether there is a link between vehicle parking and accessibility in Acorn Road after its 
development, the density of crossing movements in areas with and without parking was 
examined. In order to control for the effect of road geometry on accessibility, vehicle parking 
in the main raised platform only was analysed. The density of crossing movements in the 
areas of the main raised platform that were covered by vehicle parking was 8.2 crossings per 
metre. The density of crossing movements in the areas of the main raised platform that were 
not covered by vehicle parking was 12.8 crossings per metre. This suggests that there is a link 
between vehicle parking and accessibility in the main raised platform, with pedestrians 
preferring to cross in the areas without parking. 
Crossing volumes increase in section 13 (Figure 7.2), and median crossing angles widen 
(Figure 7.3). This may be associated with the kerb extension in section 13 (Appendix 7T). 
Median crossing angles continue to widen into section 14, before narrowing from section 14 
to section 17 (Figure 7.3). Section 15 and section 16 are not covered by the raised platforms 
of shared space (Appendix 7U), which may be associated with the narrow crossing angles. 
Section 17 has the narrowest median crossing angles of any section (Figure 7.3). It is covered 
by the eastern raised platform of shared space, but it has a pelican crossing within it 
(Appendix 7U). Pedestrians crossing within the confines of the pelican crossing would have 
narrow crossing angles. Additionally, the pedestrian crossing flow in section 17 is likely to be 
composed of pedestrians crossing Acorn Road to continue passing down Osborne Road 
(Appendix 7U). These pedestrians would have narrow crossing angles.  
In summary, this descriptive analysis of pedestrian crossing movement has demonstrated that 
there is considerable variation in both the angle, and volume of pedestrian crossing 
movements after the development of Acorn Road. The variation in crossing angle may be 
linked to the geometry of the road, with wider crossing angles in the sections that are 
completely covered by the main raised platform of shared space (Sections 5-13), and narrower 
crossing angles in the sections that are not completely covered by the main raised platform 
(Sections 1-4 and 14-17). 
7.3.2 Statistical analysis of crossing angles 
The areas of Acorn Road that are covered by raised platforms of shared space have reduced 
crossing distances, compared to the sections that are not covered by raised platforms (Table 
5.1). The roadway is between 1.3m and 3.5m narrower in the areas of Acorn Road covered by 
raised platforms after its development, compared to the areas that are not covered.  In order to 
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determine whether the construction of the raised platforms and reduction in roadway width 
had a significant effect on pedestrian crossing behaviour, a statistical test was used to 
determine whether there is a significant difference in crossing angles between the areas of 
Acorn Road that were covered by raised platforms and the areas that were not. 
The distribution of the data was examined to select the appropriate statistical test. The bar 
chart indicates that the distribution of crossing angles is light-tailed and exhibits a clear bi-
modality (Appendix 7X). This is supported by the test of kurtosis, which indicates that the 
data is platykurtic (Appendix 7Y). Both Kolgmorov-Smirnov and Shapiro-Wilk tests were 
highly statistically significant (p<0.001), indicating that there is a statistically significant 
difference between the distribution of crossing angles and a normal distribution. 
The Mann-Whitney test was used to test the hypothesis that there is a statistically significant 
difference between crossing angles in the two areas of Acorn Road. First, angles between 0 
degrees and 90 degrees were compared (Table 7.9). 
Table 7.9 - Mann-Whitney test of variance in crossing angles between 0 and 90 degrees in the 
areas of Acorn Road that were and were not covered by raised platforms 
Raised Platform N Mean Rank r Test Statistic Significance 
Raised 720 454.5 -.16 67760.5 .000 
Non-raised 239 556.5 
  
The test was highly statistically significant (p<0.001), indicating that the null hypothesis is 
rejected, and the alternate hypothesis that there is a significant difference between crossing 
angles between 0 degrees and 90 degrees in the areas of Acorn Road that are covered by 
raised platforms of shared space and those that are not is accepted. In order to determine the 
direction of this difference the mean ranks were examined. The mean rank is higher for 
crossing angles in the areas of Acorn Road that were not covered by raised platforms, 
indicating that pedestrians are crossing on narrower angles, closer to the perpendicular of the 
pavement here.  
Next, angles between 0 degrees and 180 degrees were compared (Table 7.10). 
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Table 7.10 - Mann-Whitney test of variance in crossing angles between 91 and 180 degrees in 
the areas of Acorn Road that were and were not covered by raised platforms 
Raised Platform N Mean Rank r Test Statistic Significance 
Raised 641 447 -.20 45515 .000 
Non-raised 197 330 
 
The test was also highly statistically significant (p<0.001), indicating that the null hypothesis 
should be rejected and the alternate hypothesis should be accepted. The mean ranks indicate 
that pedestrians crossed on significantly wider angles, further from the perpendicular of the 
pavement in the areas of Acorn Road that were covered by raised platforms of shared space. 
This finding supports the descriptive analysis of crossing angles and suggests that 
constructing several raised platforms of shared space in Acorn Road has had a positive effect 
on perceptions of crossing safety, increasing confidence and allowing pedestrians to cross on 
longer, diagonal angles which may increase the amount of time they spend in the roadway. 
This increased confidence may be linked to width of the roadway in the raised platforms. As 
discussed, the width of the roadway narrows in the raised platforms (Table 5.1), and 
additionally there are two kerb extensions in sections 8 and 13 that narrow the width of the 
road further, to 4.5 metres. This reduction in crossing distance may improve pedestrian 
confidence, resulting in wider crossing angles. There is also reduced demarcation between the 
roadway and the footway in the raised platforms, which may improve pedestrian confidence 
when crossing the road. 
Pedestrian crossing angles widen towards the centre of Acorn Road (Figure 7.3), indicating 
that there is a source of variation in pedestrian crossing behaviour within the main raised 
platform of shared space. There is variation in vehicle parking within the main platform. 
There are parking bays on the northern side of the roadway on the eastern side of the main 
raised platform, and parking bays on the southern side of the roadway on the western side of 
the platform (Figure 5.6). The centre of the main raised platform and the areas at either end 
have no parking bays.  
In order to determine whether the variation in vehicle parking within the main raised platform 
had a statistically significant effect on pedestrian crossing behaviour, crossing angles in the 
areas with vehicle parking were compared to those in the areas without vehicle parking using 
a statistical test of variance. 
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The Mann-Whitney test was used to test the hypothesis that there is a statistically significant 
difference in crossing angles between the areas of the main raised platform that are covered 
by vehicle parking and those that are not. First, angles between 0 degrees and 90 degrees were 
compared (Table 7.11). 
Table 7.11 - Mann-Whitney test of variance in crossing angles between 0 and 90 degrees in 
the areas of the main raised platform that were and were not covered by vehicle parking 
Parking N Mean Rank r Test Statistic Significance 
With 229 300.5 -.12 31670.5 .003 
Without 324 260.5 
The Mann-Whitney test is statistically significant (p<0.05), indicating that the null hypothesis 
is rejected, and the alternate hypothesis that there is a significant difference between the 
angles of pedestrian crossing movements in the areas of the main raised platform with and 
without vehicle parking is accepted. The mean ranks were examined to determine the 
direction of the difference. The mean ranks are higher for crossing angles in the areas of the 
main raised platform with vehicle parking, indicating that pedestrians have narrower crossing 
angles, closer to the perpendicular of the pavement. 
Next, crossing angles between 91 degrees and 180 degrees were compared (Table 7.12).  
Table 7.12 - Mann-Whitney test of variance in crossing angles between 91 and 180 degrees in 
the areas of the main raised platform that were and were not covered by vehicle parking 
Parking N Mean Rank r Test Statistic Significance 
With 204 248.5 -.009 29167 .842 
Without 289 246 
The Mann-Whitney test is non-statistically significant (p>0.05), indicating that the null 
hypothesis that there is not a significant difference in crossing angles between  91 and 180 
degrees in the areas of the main raised platform that are covered by vehicle parking and those 
that are not is accepted. 
The two analyses of vehicle parking indicate that there is some connection between vehicle 
parking and the angle of crossing movements on Acorn Road, with narrower crossing angles 
between 0 and 90 degrees in the areas that are covered by parking bays. The connection is not 
consistent though, with no significant difference in crossing angles between 91 and 180 
degrees.  
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As discussed, the largest and busiest shop in Acorn Road is the Tesco's store located to the 
west of the street (Figure 5.6). This strong pedestrian attractor has a clear effect on pedestrian 
crossing volumes, with 59% more crossing movements in section 1 than any other section 
(Table 7.8). In order to examine whether the presence of Tesco's had a significant effect on 
the angle of crossing movements, as well as the volume, a statistical test of variance was used.  
The Mann-Whitney test was used to test the hypothesis that there is a statistically significant 
difference in the angle of crossing movements between the area of Acorn Road outside of the 
Tesco's store and the area not outside of it. First, angles between 0 and 90 degrees were 
compared (Table 7.13). 
Table 7.13 - Mann-Whitney test of variance in crossing angles between 0 and 90 degrees in 
the area outside and not outside of Tesco 
Area N Mean Rank r Test Statistic Significance 
Tesco 169 523 -.07 59488 .026 
Non-Tesco 790 471 
The test is significant (p>0.05), indicating that the null hypothesis is rejected and the alternate 
that there is a significant difference in crossing angles between 0 and 90 degrees in the two 
areas is accepted. The mean ranks were examined to determine the direction of the difference. 
The mean ranks are higher for the area outside of Tesco's, indicating that pedestrians cross on 
narrower angles, closer to the perpendicular of the pavement here. Next, angles between 91 
and 180 degrees were compared (Table 7.14). 
Table 7.14 - Mann-Whitney test of variance in crossing angles between 91 and 180 degrees in 
the area outside and not outside of Tesco 
Area N Mean Rank r Test Statistic Significance 
Tesco 143 327 -.17 36456 .000 
Non-Tesco 695 439 
The Mann-Whitney test was highly significant (p<0.001), indicating that the null hypothesis 
is rejected, and the alternate hypothesis that there is a statistically significant difference in 
crossing angles between 91 and 180 degrees in the two areas is accepted. The mean ranks 
were examined to determine the direction of this difference (Table 7.14). The mean ranks are 
lower for the area outside of Tesco, indicating pedestrians are crossing on narrower angles 
closer to the perpendicular of the pavement here. This supports the analysis of angles between 
0 and 90 degrees, and suggests that the presence of this strong pedestrian attractor has a 
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narrowing effect on the angle of crossing movements. There are mitigating circumstances, 
however. The analysis of the relationship between road width and crossing angles suggests 
that other variables may have an influence on crossing behaviour outside of Tesco's. The 
majority of the area outside of Tesco's is not covered by raised platforms of shared space, and 
consequently does not have reduced crossing distances. The analysis of the raised platforms 
indicated that pedestrians crossing in areas not covered  by raised platforms had significantly 
narrower crossing angles. This effect may contribute towards the narrower angles outside of 
Tesco's. 
7.3.3 Analysis of the Inter-Quartile Range in Crossing Angle 
Examining the inter-quartile range (IQR) of crossing angles (Table 7.8), there appears to be 
an association between median crossing angles and IQR, with wider median crossing angles 
generally associated with higher IQR's. In order to display the variation in IQR, the IQR's of 
crossing angles between 0-90° and between 91-180° were summed for each section and are 
presented in Figure 7.4 below. 
Figure 7.4 - Bar chart to show the inter-quartile range of pedestrian crossing angles 
 
There is a peak in summed IQR's from section 6 to section 12, with IQR's generally tapering 
off at either side of this peak. This is similar to the distribution of median crossing angles 
(Figure 7.3). In order to examine the degree of association between crossing angle and IQR, 
two scatter plots were drawn for IQR's and median crossing angles between 0 degrees and 90 
degrees, and between 91 degrees and 180 degrees (Appendix 7V and Appendix 7W). The 
scatter plots indicate that there is no association between median crossing angles and IQR's 
between 0 degrees and 90 degrees, with an R
2
 value of .002. There is a weak positive 
correlation between median crossing angles and IQR's between 91 degrees and 180 degrees, 
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with the R
2
 value of .123 indicating that around 12% of the variance in IQR can be accounted 
for by median crossing angle.  
Despite the evidence suggesting that there is little correlation between IQR and median 
crossing angles, there is an increase in the variance of crossing angles in the middle sections 
of Acorn Road that are covered by the main raised platform of shared space (Sections 5-13). 
This indicates that this area is more accessible to pedestrians, who are less restrained in their 
angle of crossing movement. In order to determine whether the difference in IQR's in the 
main raised platform compared to the sections at either end is statistically significant, a 
statistical test of variance was used. The summed IQR's in Figure 7.4 indicate that the 
distribution is non-skewed, but has a flat peak and is light-tailed compared to a normal 
distribution, indicating a negative kurtosis. This is supported by the kurtosis value of -1.537, 
indicating that the data is non-normally distributed and should be analysed using the non-
parametric Mann-Whitney test. The test was used to examine the hypothesis that there is a 
statistically significant (p<0.05) difference between summed IQR's in sections 5-13, 
compared to summed IQR's in sections 1-4 and 14-17. A two-tailed, non-directional 
hypothesis was used. H0: there is not a significant difference between summed IQR’s in 
sections 5-13, compared to summed IQR's in sections 1-4 and 14-17; H1: there is a significant 
difference between summed IQR’s. 
Table 7.15 - Mann-Whitney test of variance in summed IQR's in sections 1-4 and 14-17 and 
sections 5-13  
Sections N Mean Rank r Test Statistic Significance 
1-4; 14-17 8 6.5 -.514 14.0 .034 
5-13 9 11.5 
 
The Mann-Whitney test is statistically significant (p<0.05), indicating the null hypothesis is 
rejected, and the alternate hypothesis that there is a significant difference between the 
summed IQR's of crossing angles in sections 5-13, compared to sections 1-4 and 14-17 is 
accepted (Table 7.15). The mean ranks were examined to determine the direction of this 
difference. The mean rank is higher for sections that are completely covered by the main raise 
platform of shared space (Sections 5-13), compared to the sections that are not completely 
covered (Sections 1-4 and 14-17), indicating that there is greater variation in the angle of 
crossing movements in the main raised platform.  
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7.3.4 Statistical Analysis of Crossing Volume  
The crossing characteristics (Table 7.8) indicated that crossing movements are not evenly 
distributed along Acorn Road, with clusters of movements in sections 1, 8 and 9. In order to 
examine the uniformity of crossing movements, the distribution of crossings were compared 
to a hypothetical uniform distribution with equal proportions of movements in each section. 
The chi-square test was used to test the hypothesis that there is a statistically significant 
(p<0.05) difference between the distributions of crossing movements in the 17 sections, and 
the hypothetical uniform distribution.  
The chi-square test was highly statistically significant (p<0.001), indicating that the null 
hypothesis is rejected, and the alternate hypothesis that there is a significant difference in the 
distributions of pedestrian crossing movements in Acorn Road, compared to a hypothetical 
uniform distribution is accepted. The standardised residuals demonstrated that out of the 17 
sections, 10 had significant (p<0.05) differences between the observed and expected 
frequencies in Acorn Road, and the hypothetical uniform distribution (Appendix 7Z).  
Out of the ten significant standardised residuals, six were in the sections completely covered 
by the main raised platform of shared space (Sections 5-13), and four were in the sections that 
were not completely covered by the main raised platform of shared space (Sections 1-4 and 
14-17). This suggests that the introduction of shared space has not improved accessibility 
within Acorn Road, with crossing movements more unevenly distributed within the raised 
platform of shared space than outside of the raised platform. The sign of the standardised 
residuals was examined to determine the direction of the difference between observed and 
expected frequencies. Seven of the ten significant standardised residuals were negatively 
signed, indicating significantly lower frequencies of crossing movements than expected, and 
three were positively signed, indicating significantly higher frequencies than expected. Within 
the raised platform sections 8 and 9 had positively signed standardised residuals, and sections 
5 and 6 and sections 11 and 12 had negatively signed standardised residuals. This suggests 
that the centre of the raised platform is more accessible and pedestrians are drawn to cross 
here, instead of the sections at either end of the raised platform. This may be due to the kerb 
extension in section 8, which reduces crossing distance, and also to the Sanderson Road/ 
Larkspur Terrace junction. There is no vehicle parking around the junction, which may 
improve crossing accessibility.  
In summary, this statistical analysis of crossing volume has indicated that contrary to the 
findings of Karndachuruk et al. (2013), the introduction of shared space into Acorn Road has 
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not resulted in a more accessible environment, where pedestrians feel comfortable walking 
along and across the whole road space. The introduction of three separate platforms of shared 
space in Acorn Road has resulted in large variances in crossing volume, with several clusters 
of crossing flows, and lower crossing flows around these clusters. Karndachuruk et al. (2013) 
found improvements in accessibility when examining continuous sections of shared space. 
This suggests that to improve pedestrian freedom of movement, shared spaces should feature 
consistent road layouts along their length, with inconsistent layouts similar to Acorn Road 
resulting in clusters of crossing movements. 
7.3.5 Pedestrian Crossing Speed 
Pedestrian crossing behaviour was studied further by recording the speed of pedestrian 
crossing movements after the development of Acorn Road. 
A total of 360 pedestrians were sampled using the methodology outlined in Chapter 3. The 
crossing speeds are presented in Table 7.16. 
Table 7.16 - Pedestrian Crossing Speed after the development of Acorn Road 
Section Crossings Mean Crossing Speed (mph) 
1 67 3.06 
2 27 2.93 
3 13 3.06 
4 14 2.88 
5 9 3.02 
6 9 2.75 
7 29 3.48 
8 42 3.27 
9 38 3.20 
10 16 3.46 
11 13 3.92 
12 9 3.13 
13 24 3.13 
14 9 3.36 
15 8 3.01 
16 14 3.01 
17 19 3.00 
1-17 360 3.06 
 
The mean crossing speeds indicate that there is some variation in the crossing speed of 
pedestrians within Acorn Road after development. Mean crossing speeds vary from a low of 
2.75 mph in section 6 to a high of 3.92 mph in section 11.  
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As discussed, the angles of crossing movements were significantly wider within the raised 
platforms of shared space, indicating that pedestrians may feel safer crossing the road here. 
Crossing speed may also be an indicator of perception of safety, as lower crossing speeds 
suggest that pedestrians feel comfortable in the roadway and do not need to rush across it. The 
crossing speed and angle results were not consistent though. Seven out of the eight highest 
mean crossing speeds were in the sections completely covered by the main raised platform. 
This contradicts the findings of the angle of crossing movement, and suggests that perceptions 
of safety may not be improved within the raised platforms of shared space.  
In order to examine whether there is a statistically significant (p<0.05) difference between 
crossing speed in the sections completely covered by the main raised platform (Sections 5-13), 
compared to the sections not completely covered (Sections 1-4 and 14-17), a statistical test of 
variance was used. The distribution of the two sets of crossing speeds was examined to 
determine which test to use. 
The histograms of crossing speeds (Appendix 7AA and Appendix 7AB) suggest that the data 
is non-skewed, but light tailed compared to a normal distribution. To verify this, skewness 
and kurtosis values were calculated and are presented in Appendix 7AC. The skewness value 
for crossing speeds in sections 1-4 and 14-17 is close to zero, indicating that the data is non-
skewed. The skewness value for crossing speeds in sections 5-13 is higher though, indicating 
that this data exhibits a greater degree of skewness. Sections 1-4 and 14-17 has a positive 
kurtosis value, indicating that the data is heavy-tailed compared to a normal distribution, and 
sections 5-13 has a negative kurtosis value, indicating that the data is light-tailed compared to 
a normal distribution. As a final test of normality, the Kolgmorov-Smirnov (K-S) and 
Shapiro-Wilk (S-W) tests were out. Both K-S and S-W tests were non-significant (p>0.05) for 
sections 1-4 and 14-17, indicating that there is not a significant difference between the 
distributions and a normal distribution. Both S-W and K-S tests were significant (p<0.05) for 
sections 5-13, indicating that there is a significant difference between the distributions and a 
normal distribution.  
In summary, with the exception of the high kurtosis value, the tests of normality indicated that 
crossing speeds are normally distributed in sections 1-4 and 14-17. However, the tests of 
normality indicate that crossing speeds are non-normally distributed in sections 5-13, with 
high skewness and kurtosis values and significant K-S and S-W tests. Due to this mixture of 
normal and non-normally distributed data, the non-parametric Mann-Whitney test was used to 
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examine if there is a significant difference between crossing speeds in sections 1-4 and 14-17, 
compared to sections 5-13 (Table 7.17).  
 
Table 7.17 - Mann-Whitney test of variance in pedestrian crossing speed in sections 1-4 and 
14-17 and sections and 5-13 before the development of Acorn Road 
Sections N Mean Rank r Test Statistic Significance 
1-4; 5-13 171 161 -.176 12864.5 .001 
5-13 189 198 
The Mann-Whitney test is statistically significant (p<0.05), indicating that the null hypothesis 
is rejected, and the alternate hypothesis that there is a significant difference between the 
crossing speeds of pedestrians in sections 5-13, compared to sections 1-4 and 14-17 is 
accepted. The mean ranks were examined to determine the direction of the difference. The 
mean rank is higher for sections 5-13, compared to sections 1-4 and 14-17, indicating that 
pedestrian crossing speeds are significantly higher in the sections of Acorn Road completely 
covered by the main raised platform, compared to the sections not completely covered. 
This supports the descriptive analysis of crossing speed (Table 7.16), but is not consistent 
with the analysis of crossing angle, which indicated that pedestrians felt safer crossing Acorn 
Road within the main raised platform of shared space. The wider crossing angles within the 
main raised platform were linked to the reduced crossing distances and to the reduced 
demarcation between the footway and roadway, but this is not supported by crossing speed. 
As discussed in chapter 6, there are factors other than risk perception that can influence 
crossing speed, and this may explain the differences in crossing speed after the development 
of Acorn Road. Moussaïd et al. (2010) and Gates et al. (2006) found that walking speeds 
decrease as group size increases. A statistical test of variance was used to examine if there a 
significant difference between the crossing speeds of individual pedestrians, compared to 
pedestrians in a group of two or more. The tests of normality provided evidence of non-
normality within the crossing speed samples, so the Mann-Whitney test was used to test the 
hypothesis that there is a statistically significant (p<0.05) difference in crossing speeds 
between individuals and groups (Table 7.18). 
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Table 7.18 - Mann-Whitney test of variance in crossing speed between individual pedestrians 
and pedestrians in a group of two or more after the development of Acorn Road 
Pedestrian N Mean Rank r Test Statistic Significance 
Individual 260 193 -.187 9855.5 .000 
Group 100 149 
 
The Mann-Whitney test was highly statistically significant (p<0.001), indicating that the null 
hypothesis is rejected, and the alternate hypothesis that there is a significant difference in the 
crossing speeds of groups and individuals is accepted. The mean ranks were examined to 
determine the direction, with the mean ranks indicating that individuals have higher crossing 
speeds than groups of two or more. This supports the findings of Moussaïd et al. (2010) and 
Gates et al. (2006). To examine if this difference had an effect on the variation in pedestrian 
crossing speed, the proportions of pedestrians crossing the road on their own and crossing in a 
group of two within Acorn Road were compared. 68% of the observed pedestrians in sections 
5-13 crossed Acorn Road on their own, compared to 77% of the pedestrians in sections 1-4 
and 14-17. Despite this difference, crossing speeds were still significantly lower in sections 1-
4 and 14-17, compared to sections 5-13. This finding suggests that variation in group size 
does not contribute towards the difference in crossing speed between sections 5-13 and 
sections 1-4 and 14-17. As discussed by Ishaque and Noland (2008), other factors such as trip 
purpose, age and gender may influence crossing speed. These variables were not recorded in 
this research, but may have had an influence on crossing speed in Acorn Road. 
7.4 Discussion 
This chapter examined the perceptions and behaviour of Acorn Road users after its 
development using a mixture of observational and attitudinal research. 
A 29 item attitudinal scale was used to assess how users perceive the elements of shared space 
in Acorn Road. Statements with responses clustered at the high and low extremes were 
identified (Table 7.2 and 7.3). The pattern of responses suggested that users feel positively 
about Acorn Road after its development. The statements which had responses clustered at the 
low extreme were all positively phrased statements about Acorn Road (Table 7.2), and the 
statements which had responses clustered at the high extreme were all negatively phrased 
statements about Acorn Road (Table 7.3). The responses indicated that users felt secure 
moving around Acorn Road, with 77% agreeing with the statement 'I feel safe crossing Acorn 
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Road' (as indicated by a Likert score of 1-3) and 94% of respondents agreeing with the 
statement 'I feel safe walking around Acorn Road' (Table 7.1).  
The angles of crossing movements were recorded to assess whether these positive perceptions 
of safety were reflected in the observed crossing behaviour of pedestrians. Crossing angles 
were not consistent along Acorn Road, with significantly wider angles in the areas of Acorn 
Road covered by the raised platforms of shared space, compared to the areas not covered by 
the raised platforms (Tables 7.9 and 7.10). This indicates that though the majority of users 
feel safe crossing and walking around Acorn Road, as indicated by the survey, these 
perceptions of safety are greater within the raised platforms, compared to outside of it. In 
addition to the improved perceptions of safety, there is evidence to suggest that the raised 
platforms are more accessible to pedestrians, with higher densities of crossing movements in 
the areas of Acorn Road that are covered by raised platforms, compared to those that are not. 
The speed of crossing movement was recorded as a further indicator of safety, but the results 
were inconsistent with the angle of crossing movement, with significantly higher crossing 
speeds in the main raised platform compared to outside of it, indicating reduced perceptions 
of safety (Table 7.13). This suggests that crossing speed and angle may not both measure 
perceptions of safety, with research evidence linking crossing speed to gender, age and trip 
purpose. The inconsistency between crossing speed and angle may also be a consequence of 
the different sample sizes. Due to the protracted nature of measuring crossing time, a 
systematic sample was used where every fifth pedestrian that crossed the road was selected. 
The smaller sample of crossing speed may be less representative of the total population of 
pedestrians than the crossing angle sample, which may have biased the crossing speed results. 
Future research should collect larger crossing speed samples to increase representativeness.  
The attitudinal survey indicated that the majority of users feel that Acorn Road is an 
accessible environment, with 53% of respondents disagreeing that parked cars make it 
difficult to cross Acorn Road (Table 7.1). However, this finding was not supported by the 
analysis of crossing location. There was much variance in the volume of crossing movements, 
with high crossing volumes in the centre of the main raised platform, and lower crossing 
volumes in sections at either end of this platform (Table 7.8). MVA Consultancy (2009) 
suggested that one of the purposes of shared space implementations is to give people more 
freedom of movement, but the analysis of crossing location suggests that that the introduction 
of shared space into Acorn Road has had the opposite effect, with greater irregularity in 
crossing volume within the main raised platform than outside of it. The irregularities were 
linked to the level of vehicle parking, with higher crossing densities in the areas of the main 
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raised platform without parking bays. This suggests that providing space for vehicles to park 
within shared space implementations can have a detrimental effect on pedestrian accessibility.   
In order to examine whether there are differences in the attitudes of different types of Acorn 
Road user, the correlations between the demographic and socio-economic make-up of 
participants and their attitudes were analysed. There was a correlation between age and 
attitudes, with older participants generally having more positive perceptions of Acorn Road 
than younger participants (Table 7.6). There was also an association between gender and 
attitudes, with females perceiving Acorn Road more negatively than males. The positive 
attitudes of older participants and negative attitudes of females were both centred on the 
negative consequences of vehicle traffic. This suggests that the traffic calming measures 
introduced in Acorn Road may have had more of an effect on older, male road users than 
younger, female road users.  
In order to examine if there are any underlying themes that characterise attitudes towards 
Acorn Road after its development, a factor analysis was carried out. This analysis suggested 
that there are three main underlying themes that characterise attitudes towards Acorn Road: 
road safety and interactions, the negative consequences of vehicle traffic, and environmental 
safety and ambience. Examining the breakdown of Likert scores (Table 7.1), five of the 
statements that had responses clustered at the low extreme (Table 7.2) were positively phrased 
statements relating to environmental safety and ambience. There were particularly positive 
perceptions of the safety of the environment, with over 60% of respondents strongly agreeing 
that they felt safe walking around and chatting to friends in Acorn Road. None of the 
positively phrased statements in factor 1: 'Road Safety and Interactions' had responses 
clustered at the low extreme, and two of the negatively phrased statements in factor 2: 
'Vehicle Traffic' had responses clustered at the high extreme. This suggests that users were 
most satisfied with the environmental safety and ambience of Acorn Road after its 
development.  
7.5 Conclusion 
The findings of this chapter have helped to assess the performance of the shared space 
implementation in Acorn Road.  
The survey evidence indicated the introduction of elements of shared space into Acorn Road 
has had a positive effect on the attitudes of users, particularly with regards to their perceptions 
of the environmental safety and ambience, the negative consequences of vehicle traffic, 
freedom of movement and the road safety. The observational analysis was less equivocal. 
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Pedestrians crossed on significantly wider angles within the raised platforms of shared space, 
indicating improved perceptions of safety, however the speed of crossing movements 
increased within the main raised platform. Furthermore, the analysis indicated that the 
introduction of shared space into Acorn Road has had a detrimental effect on the accessibility 
of the environment. 
The next chapter expands upon the findings of this chapter by directly comparing the 
attitudinal and observational research carried out before and after the development of Acorn 
Road. It also examines the effectiveness of the traffic calming measures by analysing vehicle 
speed and flow, and considers the effect of the shared space implementation on cooperative 
behaviour by observing vehicle yielding behaviour before and after the development. 
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Chapter 8: Analysis of changes in attitudes and behaviour before and after 
the development of Acorn Road 
8.1 Introduction 
This chapter assesses the potential changes in attitudes and behaviour before and after the 
development of Acorn Road. Acorn Road is a busy urban shopping street in Newcastle upon 
Tyne that was developed into a traffic calmed street with elements of shared space in 2015.  
Pedestrian attitudes were captured through questionnaire surveys conducted as face-to-face 
interviews prior to- and post-development. The impact of the introduction of shared space on 
pedestrian behaviour was quantified by direct observation of pedestrian movement through 
video recordings and manual analysis. In order to measure whether the development of Acorn 
Road reduced vehicle dominance, vehicle speed and volume were recorded before and after 
the development. Finally, to assess whether the introduction of shared space into Acorn Road 
has increased cooperative behaviour, and also reduced vehicle dominance, the yielding 
behaviour of vehicles was recorded. 
This mixture of observational and attitudinal research in this chapter allow the performance of 
a shared space implementation to be comprehensively assessed. The findings shed light on the 
purposes of shared space schemes outlined by MVA (2009) and Karndachuruk et al. (2013), 
and help to further the understanding of the effect of shared space on road users. 
The research questions for this chapter are as follows: 
 Are the changes in attitudes and behaviour after the development of Acorn Road 
statistically significant? 
 What is the association between the findings of the attitudinal and observational 
analysis? 
 What are the implications of the findings for the purposes of shared space schemes 
outlined by MVA (2009) and Karndachuruk et al. (2013)?  
8.2 Attitudinal Analysis  
Attitudes towards Acorn Road were measured in a face-to-face on-street survey of 500 people 
before the development and in a survey of 500 people after the development. The survey 
consisted of 29 statements designed to measure attitudes towards Acorn Road (See Chapter 
5.3.1 for list of statements). 
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 A seven point Likert scale was used to represent people's attitudes to each statement. In order 
to examine whether there are any underlying dimensions that characterise attitudes towards 
Acorn Road before and after development, and whether these dimensions are related to the 
purposes of shared space design outlined by Karndachuruk (2013) and MVA Consultancy 
(2009), two factor analyses were performed (Chapter 6.2.3 and Chapter 7.2.3).  
Both the before and after factor analyses revealed three comparable themes that characterised 
attitudes towards Acorn Road, indicating that attitudes towards Acorn Road are characterised 
by the same underlying dimensions. The themes revealed by the factor analyses relate to the 
purposes of shared space design outlined by Karndachuruk (2013) and MVA Consultancy 
(2009). Three themes were revealed in both analyses:  
 the first theme in both analyses relates towards perceptions of freedom of movement, 
interactions between users and road safety;  
 the second theme relates towards perceptions of vehicle dominance; and  
 the third theme relates towards perceptions of environmental ambience and safety.  
In order to examine whether the development of Acorn Road improved perceptions of these 
issues, chi-square tests were used to test the hypothesis that there is a statistically significant 
(p<0.05) difference between the pattern of responses to the statements in the before and after 
surveys. 24 out of the 29 chi-square tests were statistically significant (p<0.05), indicating that 
the null hypothesis can be rejected, and the alternate hypothesis that there is a significant 
difference in the pattern of Likert responses in the before, compared to after survey is 
accepted (Appendix 8A).  
The standardised residuals for the 24 significant chi-square tests are presented in Table 8.1. 
They are colour coded to represent their statistical significance. Green cells indicate that the 
error between the observed and expected frequencies is statistically significant at the 0.05 
level, amber cells at the 0.01 level and red cells at the 0.001 level. Cells with no colour have 
non-significant standardised residuals (p>0.05). 
For the 24 attitudinal statements, the before and after surveys both had 57 statistically 
significant (p<0.05) standardised residuals (Table 8.1). Standardised residuals were clustered 
at the high (Likert score of 7), and low (Likert score of 1) extremes. Both surveys had 19 
statistically significant standardised residuals for Likert scores of 1, and 14 for Likert scores 
of 7. This indicates that there are statistically significant differences in the error between the 
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observed and expected frequencies of respondents strongly agreeing, and strongly disagreeing 
in the two surveys.  
Table 8.1 - Breakdown of standardised residuals for significant chi-square tests  
 Likert score (standardised residual in before/ after survey) 
Statement 1 2 3 4 5 6 7 
1. 2.3/ -2.3 2.7/ -2.7  .1/ -.1 1.4/ -1.4  -1.0/ 1.0 -2.3/ 2.3  -3.1/ 3.1  
2. -3.7/ 3.7 -1.3/ 1.3 .4/ -.4 1.3/ -1.3 2.5/ -2.5 3.6/ -3.6  1.1/ -1.1 
3. .7/ -.7 2.0/ -2.0  .4/ -.4 -.5/ .5 -.4/ .4  1.4/ -1.4 -2.4/ 2.4 
4. -1.4/ 1.4  1.3/ -1.3  1.5/ -1.5 -.8/ .8 .7/ -.7 .7/ -.7 .6/ -.6 
5. 4.0/ -4.0 2.5/ -2.5 .9/ -.9 .6/ -.6 -.3/ .3 -2.5/ 2.4 -5.4/ 5.4 
6. 6.1/ -6.1 1.6/ -1.6  -1.4/ 1.4 -2.6/ 2.6 -2.9/ 2.9 -2.9/ 2.9 -2.6/ 2.6 
7. 2.4/ -2.4 1.7/ -1.7 1.2/ -1.2 -1.1/ 1.1 -1.2/ 1.2 -1.0/ 1.0 -2.6/ 2.6 
8. -3.5/ 3.5 -1.1/ 1.1  -1.0/ 1.0 -1.1/ 1.1 .6/ -.6 2.0/ -2.0  3.4/ -3.4  
10. -4.6/ 4.6  1.9/ -1.9 3.2/ -3.2 1.5/ -1.5  1.7/ -1.7 3.0/ -3.0 .7/ -.7 
11. -4.3/ 4.2 -1.8/ 1.8 -.3/ .3  -.5/ .5 2.9/ -2.9 1.6/ -1.6 2.6/ -2.6 
12. -2.6/ 2.6 -.1/ .1 1.5/ -1.4 .8/ -.7 .2/ -.2 -.1/ .1  .3/ -.3 
13. 3.3/ -3.3 1.0/ -1.0 .9/ -.9 1.1/ -1.1 .4/ -.4 -.8/ .8 -3.0/ 3.0 
14. -2.2/ 2.2 -.3/ .3 -.4/ .4 -1.2/ 1.2 .8/ -.8 1.2/ -1.2 2.8/ -2.8 
15. 1.6/ -1.6 1.1/ -1.1 .9/ -.9 -2.0/ 2.0 1.1/ -1.1 -.6/ .6 -2.1/ 2.1 
16. -2.8/ 2.8 .1/ -.1 .8/ -.8 -.3/ .3 .0/ .0  .6/ -.6 1.5/ -1.5 
20. -2.7/ 2.7 -.7/ .7 .9/ -.9 1.2/ -1.2  2.1/ -2.1 .9/ -.9 .6/ -.5 
21. 4.5/ -4.5 2.7/ -2.7 .6/ -.6 -1.4/ 1.4 -1.2/ 1.2 -1.5/ 1.5 -4.3/ 4.3 
23. 1.2/ -1.2 1.3/ -1.3 1.0/ -1.0 1.4/ -1.4 -.6/ .6 .0/ .0 -2.7/ 2.6 
24. 2.7/ -2.8 1.0/ -1.0 -.1/ .1 -2.2/ 2.3 -.4/ .4 -1.4/ 1.4 -.9/ 1.0 
25. -4.2/ 4.2 -1.7/ 1.7 1.1/ -1.1 .8/ -.8 1.2/ -1.2 2.3/ -2.3 2.4/ -2.4 
26. -2.3/ 2.3 .4/ -.4 1.8/ -1.8 1.9/ -1.9 1.6/ -1.6 1.9/ -1.9 .4/ -.4 
27. -2.9/ 2.9 .2/ -.2  -.5/ .5 .4/ -.4 1.5/ -1.5  1.3/ -1.3 .5/ -.5 
28. -5.3/ 5.3 -2.1/ 2.1 2.8/ -2.8 2.7/ -2.7 2.9/ -2.9 3.0/ -3.0 .4/ -.4 
29. .8/ -.8 1.4/ -1.4 -.1/ .1 -.3/ .3 -.3/ .3 .3/ -.3 -2.5/ 2.5 
          p<0.05 (Std. Residual outside of ±1.96) 
          p<0.01 (Std. Residual outside of ±2.58) 
          p<0.001 (Std. Residual outside of ±3.29) 
 
The sign (positive or negative) of the standardised residuals for Likert scores of 1 and 7 was 
examined (Table 8.1). Of the 19 statements with statistically significant standardised residuals 
for Likert scores of 1, 12 were positively phrased (statements 2, 8, 10, 11, 12, 14, 16, 20, 25, 
26, 27 and 28), and 7 were negatively phrased (statements 1, 5, 6, 7, 13, 21 and 24). Of the 
positively phrased statements, all had negative standardised residuals in the before survey and 
positive standardised residuals in the after survey. This indicates that in the before survey 
statistically significantly less respondents strongly agreed with the statements than expected, 
and in the after survey statistically significantly more respondents strongly agreed with the 
statements than expected. Of the negatively phrased statements, all had positive standardised 
residuals in the before survey, and negative standardised residuals in the after survey. This 
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indicates that in the before survey statistically significantly more respondents than expected 
strongly agreed with the statements, and in the after survey statistically significantly fewer 
respondents than expected strongly agreed with the statements.   
Of the 14 statements with statistically significant standardised residuals for Likert scores of 7, 
4 were positively phrased (statements 8, 11, 14 and 25), and 10 were negatively phrased 
(statements 1, 3, 5, 6, 7, 13, 15, 21, 23, 29). Of the positively phrased statements, all had 
positive standardised residuals in the before survey and negative standardised residuals in the 
after survey. Of the negatively phrased statements, all had negative standardised residuals in 
the before survey and positive standardised residuals in the after survey. 
8.2.3 Key Changes in Perceptions  
These findings suggest there has been a statistically significant improvement in attitudes 
towards Acorn Road, with respondents in the after survey more likely to agree with positively 
phrased statements, and more likely to disagree with negatively phrased statements.  
Key changes in perceptions after the development of Acorn Road were identified by analysing 
attitudinal statements with highly statistically significant (p<0.001) standardised residuals, as 
indicated by the red cells in Table 8.1. 
Ten statements have at least one highly statistically significant standardised residual, 
indicating highly statistically significant differences between observed and expected counts in 
the before and after surveys.  
These statements were:  
2. I feel safe crossing the road; 
5. Acorn Road is poorly-suited for disabled people;  
6. Traffic congestion is a major problem;  
8. Pedestrian crossings are located conveniently;  
10. The footpaths are wide enough for pedestrians;  
11. Cyclists are safe on Acorn Road;  
13. I’d use Acorn Road more if there was less traffic;  
21. Parked cars make it very difficult to cross Acorn Road;  
25. Acorn Road has a calm atmosphere; and  
28. Acorn Road is a clean street.  
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All these statements have highly statistically significant standardised residuals for Likert 
scores of 1 and three of the statements: 5, 8 and 21 for Likert scores of 7. The breakdown of 
the chi-square tests for these ten attitudinal statements are displayed in Appendix 8B. 
The factor analyses indicated that attitudes towards Acorn Road before and after development 
were characterised by three main themes. The ten statements with highly statistically 
significant standardised residuals reveal improvements in perceptions of these themes after 
development. Statements 25 and 28 related to perceptions of the ambience of the environment, 
statements 2 and 11 related to perceptions of the safety of pedestrians and cyclists, and 
statements 6 and 13 related to perceptions of the dominance of vehicles in Acorn Road. 
Statements 5, 8, 10 and 21 all related towards perceptions of freedom of movement,  
suggesting that the whilst the development of Acorn Road has improved attitudes towards a 
range of themes, there has been a marked improvement in how users perceive the accessibility 
of the environment. 
The improvement in perceptions to statement 5: 'Acorn Road is poorly-suited for disabled 
people' after development is relevant, as much of the opposition to shared space schemes has 
come from groups representing blind and visually impaired people (Moody and Melia, 2013). 
The results of this research suggest that the introduction of shared space in Acorn Road may 
have actually improved the accessibility for disabled people. 
The improvement in perceptions to statement 11: 'Cyclists are safe on Acorn Road' after 
development is also significant, as the stated objective of the development was to create a 
better environment for walking and cycling (Newcastle City Council, 2014). The responses to 
this statement suggest that the safety of the environment has been improved for cyclists after 
development. In order to better understand the effect of the development on cyclists, the 
sample was disaggregated by trip purpose, with participants who cycled to Acorn Road in 
both surveys analysed separately. A total of 30 respondents reported that they cycled to Acorn 
Road in the before survey, compared to a total of 33 in the after survey. In order to examine 
whether there is a statistically significant (p<0.05) difference in the response of cyclists to the 
statement 'Cyclists are safe on Acorn Road' before, compared to after development, a 
statistical test of variance was used. Both samples contained expected frequencies below five, 
therefore the chi-square test was not appropriate. The Mann-Whitney test was used to test for 
significant differences (Table 8.2). A two-tailed, non-directional hypothesis was used. H0: 
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there will not be a significant difference in responses to the statement before, compared to 
after development. H1: there will be a significant difference in responses. 
Table 8.2 - Mann-Whitney test of variance in cyclist responses to the statement 'Cyclists are 
safe on Acorn Road' before and after development 
Sample N Mean Rank r Test Statistic Significance 
Before 30 39 -.366 286.5 .004 
After 33 25.5 
The results of the Mann-Whitney test indicate that the null hypothesis can be rejected, and the 
alternate hypothesis that there is a statistically significant (p<0.05) difference in responses in 
the before and after surveys is accepted. The direction of this difference was determined by 
examining the mean ranks. The mean rank is higher for responses in the before survey than 
after survey, indicating that cyclists are more likely to disagree that they are safe in Acorn 
Road in the before survey. This finding supports the aggregated perceptions of cycle safety, 
and suggests that the development of Acorn Road may have improved cycle safety. 
In order to examine whether this improvement in perceptions of cycling safety is reflected in 
how often respondents cycle on Acorn Road, the responses to the question 'How often do you 
cycle along Acorn Road' were compared in the before and after surveys using a Mann-
Whitney test. 
A two-tailed, non-directional hypothesis was used. H0: there is not a significant difference 
between cycling frequencies in the before and after surveys; H1: there is a significant 
difference between cycling frequencies. The results of the Mann-Whitney test are presented in 
Table 8.3 below. 
Table 8.3 - Mann-Whitney test of variance in responses to the question 'How often do you 
cycle along Acorn Road?' before and after development 
Sample N Mean Rank r Test Statistic Significance 
Before 500 479.0 -.101 114169.0 .001 
After 500 522.0 
The Mann-Whitney test is statistically significant (p<0.05), indicating that the alternate 
hypothesis that there is a significant difference in cycling frequencies before, compared to 
after development is accepted. The mean ranks were examined to determine the direction of 
this difference. The mean rank is higher for responses after, compared to before development, 
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indicating that cycling frequencies are significantly lower in the after survey. This finding is 
inconsistent with the responses to statement 11, and suggests that although perceptions of 
cycling safety have improved after the development, this is not reflected in the cycling 
frequencies, with fewer people cycling regularly in the after survey.  
8.2.4 Statements with Non-Significant Chi-Square Tests 
A total of five statements had non-significant (p>0.05) chi-square tests, indicating that there is 
a not a statistically significant difference in the pattern of Likert responses in the before, 
compared to after surveys. These statements were: 
9. Acorn Road is a thriving retail area;  
17. I often stop to talk to friends and family on Acorn Road; 
18. Acorn Road is quiet during the night;  
19. Antisocial behaviour is a major problem on Acorn Road; and  
22. Acorn Road does not meet my everyday shopping needs. 
Statements 9 and 22 both relate to perceptions of economic vitality in Acorn Road, suggesting 
that the development of Acorn Road has not significantly improved this aspect of the 
environment. In order to better understand the operation and prosperity of the shops on Acorn 
Road, the sample was disaggregated by whether respondents worked on Acorn Road, with the 
traders analysed separately. 10 respondents said they worked on Acorn Road in the before 
survey, and 22 respondents said they did in the after survey. Both samples of traders 
contained expected frequencies below five, therefore the Mann-Whitney test was used to 
examine whether there is a statistically significant difference (p<0.05) in the responses of 
traders to the statement 'Acorn Road is a thriving retail area'. A two-tailed, non-directional 
hypothesis was used. H0: there is not a significant difference in the responses of traders to the 
statement 'Acorn Road is a thriving retail area' in the before and after surveys. H1: there is a 
significant difference. The results of the Mann-Whitney test are presented in Table 8.4 below. 
Table 8.4 - Mann-Whitney test of variance in trader responses to the statement 'Acorn Road is 
a thriving retail area' before and after development 
Sample N Mean Rank r Test Statistic Significance 
Before 10 18.5 -.136 91.5 .442 
After 22 15.5 
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The Mann-Whitney test is non-significant (p>0.05), indicating that the null hypothesis should 
be accepted. This supports the aggregated analysis, and suggests that the development has not 
had a significant effect on the operation and prosperity of shops on Acorn Road. 
In order to further examine this finding, several of the introductory questions asked at the start 
of each survey were examined.  
These questions were as follows: 
 How often do you visit Acorn Road to shop for everyday items, such as foodstuffs? 
 How often do you visit Acorn Road for personal business, such as visiting the bank or 
hairdresser? 
 How often do you visit Acorn Road for leisure purposes, such as eating, drinking or 
browsing shops? 
 How much time will you spend in Acorn Road on this trip? 
 
The Mann-Whitney test was used to test the hypothesis that there is a statistically significant 
(p<0.05) difference in the responses to these questions in the before, compared to the after 
survey. A two-tailed, non-directional hypothesis was used. H0: there is not a significant 
difference between the responses to the four time and frequency questions in the before and 
after surveys; H1: there is a significant difference between the responses. The results of the 
Mann-Whitney tests are presented in Tables 8.5 - 8.8 below. 
Table 8.5 - Mann-Whitney test of variance in responses to the question 'How often do you visit 
Acorn Road to shop for everyday items, such as foodstuffs?' before and after development 
Sample N Mean Rank r Test Statistic Significance 
Before 500 487.5 -.048 118554.5 .128 
After 500 513.5 
Table 8.6 - Mann-Whitney test of variance in responses to the question 'How often do you visit 
Acorn Road for personal business, such as visiting the bank or hairdresser?' before and after 
development 
Sample N Mean Rank r Test Statistic Significance 
Before 500 466.5 -.121 107983.0 .000 
After 500 534.5 
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Table 8.7 - Mann-Whitney test of variance in responses to the question 'How often do you visit 
Acorn Road for leisure purposes, such as eating, drinking or browsing shops?' before and 
after development 
Sample N Mean Rank r Test Statistic Significance 
Before 500 480.5 -.071 114992.5 .024 
After 500 520.5 
 
Table 8.8 - Mann-Whitney test of variance in responses to the statement 'How much time will 
you spend in Acorn Road on this trip?' before and after development 
Sample N Mean Rank r Test Statistic Significance 
Before 500 513.5 -.049 118488.0 .116 
After 500 487.5 
 
The Mann-Whitney tests of responses to the questions 'How often do you visit Acorn Road to 
shop for everyday items, such as foodstuffs?' (Table 8.5) and 'How much time will you spend 
in Acorn Road on this trip?' (Table 8.8) were non-statistically significant (p>0.05), indicating 
that the null hypothesis should be accepted. This supports the non-significant chi-square tests 
for statements 9 and 22, and suggests that the development of Acorn Road has not had a 
significant effect on the economic vitality of the street. 
 
The Mann-Whitney tests of responses to the questions 'How often do you visit Acorn Road 
for personal business, such as visiting the bank or hairdresser?' (Table 8.6) and 'How often do 
you visit Acorn Road for leisure purposes, such as eating, drinking or browsing shops?' (Table 
8.7) were statistically significant (p<0.05), indicating that the alternate hypothesis is accepted. 
The mean ranks were examined to determine the direction of the difference. In both cases 
mean ranks were higher for responses after, compared to before development, indicating that 
respondents use Acorn Road for personal business and leisure purposes less frequently after, 
compared to before development. This is inconsistent with the non-significant chi-square tests 
for statements 9 and 22, and suggests that the development of Acorn Road may have actually 
had a detrimental effect on the economic vitality of the street. 
 
Statement 17 'I often stop to talk to friends and family on Acorn Road' also had a non-
significant (p>0.05) chi-square test, indicating that the development of Acorn Road has not 
had a significant effect on perceptions of the sociability of the environment. In order to further 
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examine this finding, and assess whether the changes to Acorn Road affected how often 
people use the street, the responses to three further frequency of use questions were compared.  
These questions were: 
 How often do you meet friends and family on Acorn Road, or travel through it on your 
way to see them? 
 How often do you visit Acorn Road during the daytime? 
 How often do you visit Acorn Road during the evening or night-time? 
 
The Mann-Whitney test was used to test the hypothesis that there is a statistically significant 
(p<0.05) difference in the responses to these questions in the before, compared to after survey. 
A two-tailed, non-directional hypothesis was used. H0: there is not a significant difference 
between the responses to the three frequency questions in the before and after surveys; H1: 
there is a significant difference between the responses. The results of the Mann-Whitney tests 
are presented in Tables 8.9 - 8.11 below. 
 
Table 8.9 - Mann-Whitney test of variance in responses to the question 'How often do you 
meet friends and family on Acorn Road, or travel through it on your way to see them?' before 
and after development 
Sample N Mean Rank r Test Statistic Significance 
Before 500 474.0 -.048 111820.5 .003 
After 500 527.0 
 
Table 8.10 - Mann-Whitney test of variance in responses to the question 'How often do you 
visit Acorn Road during the daytime?' before and after development 
Sample N Mean Rank r Test Statistic Significance 
Before 500 502.5 -.007 123988.0 .813 
After 500 498.5 
 
Table 8.11 - Mann-Whitney test of variance in responses to the question 'How often do you 
visit Acorn Road during the night-time?' before and after development 
Sample N Mean Rank r Test Statistic Significance 
Before 500 490.0 -.037 119767.5 .236 
After 500 511.0 
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The Mann-Whitney test of responses to the question 'How often do you meet friends and 
family on Acorn Road, or travel through it on your way to see them?' (Table 8.9) was 
statistically significant (p<0.05), indicating that the alternate hypothesis is accepted. The 
mean ranks were examined to determine the direction of this difference. The mean rank is 
higher for responses before, compared to after development, indicating that respondents meet 
friends and family less frequently after development. This finding is inconsistent with the 
responses to statement 17, and suggests that users did not answer the two questions in a 
consistent manner.  
The Mann-Whitney tests of responses to the questions 'How often do you visit Acorn Road in 
the daytime' (Table 8.10) and 'How often do you visit Acorn Road in the night-time' (Table 
8.11) were both non-significant (p>0.05), indicating that the null hypothesis should be 
accepted. This indicates that development of Acorn Road has not had a significant effect on 
how often respondents visit the street.  
8.3 Pedestrian Crossing Volume  
As discussed, the attitudinal analysis indicated that perceptions of freedom of movement have 
improved after the development. In order to examine if this improvement has affected the 
observed crossing behaviour of pedestrians, the distribution of crossing movements was 
compared before and after the development.  
A total of 1896 pedestrian crossing movements were recorded before the development of 
Acorn Road, and 1797 after the development. The average number of people crossing the 
road per hour for all 17 sections increased from 48 per hour to 53 per hour after the 
development (Table 6.8 and Table 7.8), however much of the increase in crossing movement 
per hour was in the centre of Acorn Road, where the different seasonality of the before and 
after recordings affected the accuracy of the comparison.  
Comparing all crossing movements taken from camera position 1 and 3 before and after the 
development, where the consistent seasonality allowed an accurate comparison, 1332 
pedestrians were recorded crossing the road in the before period and 1021 pedestrians were 
recorded crossing in the after period. This suggests that fewer pedestrians crossed the road 
after the development, however 776 out of the total sample of 1797 crossing movements after 
development were recorded from camera position 2. This indicates that the construction of the 
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main raised platform has created an imbalance in accessibility, with more pedestrians opting 
to cross in the centre of Acorn Road.  
In order to further compare the distribution of crossing movements, Acorn Road was split into 
17 ten-metre sections and crossing movements were binned into these sections. The chi-
square test was used to test the hypothesis that there is a statistically significant (p<0.05) 
difference between the distributions of movements before and after development. As 
discussed, there were different durations of recordings in the before and after survey periods, 
with ten hours of video footage recorded before the development and eight hours recorded 
after the development (Table 5.5 and Table 5.6). In order to normalise the recordings and 
allow an accurate comparison of the distribution of movements, the hourly crossing volume 
was used for each section (Table 6.8 and Table 7.8).  
The chi-square test was highly statistically significant (p<0.001), indicating that the null 
hypothesis is rejected, and the alternate hypothesis that there is a significant difference 
between the distributions of crossing movements before and after development is accepted. In 
order to break down this significant test and understand the nature of the association between 
the two distributions, the standardised residuals were examined (Appendix 8C). Out of the 17 
sections, 7 had significant standardised residuals (p<0.05), indicating statistically significant 
differences in the error between the observed and expected frequencies of crossing 
movements before and after the development.   
The sign (positive or negative) of the significant standardised residuals was examined. 
Sections 4, 5, 15 and 17 had positive standardised residuals before development and negative 
standardised residuals after development (Appendix 8C), indicating significantly more 
crossing movements than expected before development, and significantly fewer movements 
than expected after development. Sections 7, 8 and 9 had negative standardised residuals 
before development and positive standardised residuals after development (Appendix 8C), 
indicating significantly fewer crossing movements than expected before development, and 
significantly more movements than expected after development. This suggests that the 
development of Acorn Road has resulted in a cluster of crossing movements in sections 7, 8 
and 9, within the main raised platform and lower flows of crossing movements in sections 4, 5, 
15 and 17.  
In order to explore the potential cause of this shift in flow, the changes in shop frontage 
before and after the development were examined (Figure 5.5 and 5.6). The main change in 
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frontage after the development was the closure of Lloyds Bank which was located adjacent to 
section 17, on the northern side of the road. There was a significant decrease in the number of 
crossing movements after the development in section 17, which may be linked to the closure 
of the bank.  
There were two other changes in shop frontage after the development:  
1. Archer's Exquisite Ice Cream which was located in section 12 on the southern side of 
the road was replaced with Navaho Coffee; 
2. The Little Hippo which was located in section 7 on the northern side on the road was 
replaced with Acorn Deli @ Jesmond; and 
Change one involved two similar shops, a cafe and an ice cream store, which is unlikely to 
have affected crossing flow. Change two also involved two similar stores: Little Hippo which 
was a food takeaway was replaced with a Deli; so this is also unlikely to have had a 
significant effect on crossing flow.  
It is likely that, in addition to changes in frontage development, the changes in road geometry 
after development affected crossing flow. There are higher crossing flows than expected 
towards the centre of the main raised platform after development, and lower flows towards 
either end. The high crossing volumes in sections 7-9 after development may be linked to the 
kerb extension in section 8, which reduces the crossing distance and may encourage 
pedestrians to cross here. Analysis of crossing volume in Chapter 7 showed that crossing 
densities were higher in the areas of Acorn Road that were covered by raised platforms of 
shared space and had reduced crossing distances after development. The low crossing flows 
in section 4 and 5 after development suggests that these sections are less accessible to 
pedestrians. This decrease in accessibility may be due to the increased roadway width, and 
increased crossing distances in sections 4 and 5. The width of the roadway in these sections 
varies from 8.3 metres to 6.5 metres, compared to a roadway width of 6.5 to 4.5 metres in 
sections 7-9. 
 
The disparity in crossing flows after development between sections 4 and 5 and sections 7-9 
suggest that the introduction of the main raised platform of shared space has created 
imbalances in accessibility, with the reduced crossing distances in sections 7-9 more attractive 
to pedestrians wishing to cross the road. 
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As discussed by MVA (2009), one of the purposes of shared space design is to give people 
more freedom of movement. Karndachuruk (2013) found that shared space implementations 
in Auckland resulted in more accessible environments where pedestrians felt comfortable 
walking along and across the whole road space, but the findings from this research suggest 
that the introduction of shared space in Acorn Road has not created an accessible environment. 
This may be due to the inconsistent road layout. As discussed, the three raised platforms of 
shared space are separated by two sections of segregated road which have wider roadways, 
increased vehicle parking and a greater level of demarcation compared to the raised platforms. 
This inconsistency may create differences in accessibility. 
The observed locations of crossing movements do not support the attitudinal analysis, which 
revealed highly statistically significant improvements in how users perceive their freedom of 
movement after the development of Acorn Road (Section 8.2). This suggests that there may 
be a disparity between the observed and perceived crossing behaviour of Acorn Road users. 
In order to further examine pedestrian crossing behaviour and examine if the improvements in 
perceptions of safety revealed by the attitudinal analysis are supported by observed behaviour, 
the angle of crossing movements were recorded.    
8.4 Angle of Crossing Movement 
Pedestrian crossing angles were investigated as an independent measure of the safety of the 
roadway. As discussed by Hine (1996), high traffic flows can have a severing effect on 
pedestrian crossing movement, resulting in narrower crossing angles. If pedestrians perceive a 
road as unsafe they may cross on a narrow angle, perpendicular to the pavement to minimise 
the amount of time they spend in the road.  
8.4.1 Aggregated Analysis of Crossing Angles 
The tests of normality of the distribution of pedestrian crossing angles before and after 
development indicated the data was non-normally distributed (Appendix 6X, Appendix 6Y, 
Appendix 7X, Appendix 7Y). 
The non-parametric Mann-Whitney test was used to test the hypothesis that there is a 
statistically significant (p<0.05) difference between crossing angles before, and after the 
development of Acorn Road. As discussed, crossing angles were split into two groups: angles 
between 0 degrees and 90 degrees and angles between 91 degrees and 180 degrees. First, 
angles between 0 degrees and 90 degrees were compared (Table 8.12). 
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Table 8.12 - Mann-Whitney test of variance in crossing angles between 0° and 90° before and 
after the development of Acorn Road 
Sample N Mean Rank r Test Statistic Significance 
Before 1025 1099.5 -.193 381815.5 .000 
After 959 878 
 
The Mann-Whitney test is highly statistically significant (p<0.001), indicating that the null 
hypothesis is rejected, and the alternate hypothesis that there is a significant difference in 
crossing angles between 0 degrees and 90 degrees before and after the development of Acorn 
Road is accepted. The direction of this difference was determined by examining the mean 
ranks. The mean rank is higher for crossing angles before the development than after the 
development, indicating that pedestrian crossing movements are closer to the perpendicular of 
the pavement before the development. This suggests that pedestrians are crossing on narrower 
angles before the development. 
Next, the crossing angles between 91 degrees and 180 degrees were compared using the 
Mann-Whitney test (Table 8.13). The test is highly statistically significant (p<0.001), 
indicating that the null hypothesis is rejected, and the alternate hypothesis that there is a 
significant difference in crossing angles between 91 degrees and 180 degrees before and after 
the development of Acorn Road is accepted. The mean ranks were examined to determine the 
direction of this difference. The mean rank is higher for crossing angles after the development 
of Acorn Road compared to before, indicating that crossing movements are further from the 
perpendicular of the pavement after the development of Acorn Road. This supports the 
findings from the previous Mann-Whitney test, and indicates that crossing angles are 
statistically significantly wider after the development of Acorn Road than before. 
Table 8.13 - Mann-Whitney test of variance in crossing angles between 91° and 180° before 
and after the development of Acorn Road 
Sample N Mean Rank r Test Statistic Significance 
Before 878 776.5 -.162 296576 .000 
After 838 937 
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8.4.2 Section-by-Section Analysis of Crossing Angles  
In order to examine whether there is a consistent increase in the width of crossing angle after 
the development of Acorn Road, angles in each section of Acorn Road were compared before 
and after the development visually and using a statistical test of variance.  
Figure 8.1 - Line chart to show the variation in the median angle of crossing movements 
along Acorn Road before and after development 
 
Figure 8.1 indicates that the variation in the width of crossing angles before and after 
development is not consistent, with greater variation towards the centre of Acorn Road and 
less variation at either end. The difference in crossing angles is particularly marked for 
crossing angles between 91 and 180 degrees in sections 7, 10 and 11, and for crossing angles 
between 0 and 90 degrees in section 12. In these sections pedestrians cross on narrower angles, 
closer to the perpendicular of the pavement. 
In order to determine whether the difference in crossing angles highlighted by Figure 8.1 is 
statistically significant, a statistical test of variance was used. The normality of the 
distribution of crossing angles in each individual section before and after the development 
was tested using bar charts, the skewness and kurtosis values and the Kolmogorov-Smirnov 
test and Shapiro-Wilk tests. The bar charts indicate that the distributions are generally light-
tailed and exhibit some bi-modality before and after development (Appendix 8D and 
Appendix 8E). This is supported by the kurtosis values, which, with the exception of section 
16 and 17 before development (Appendix 8F), and section 17 after development (Appendix 
8G) are negative, indicating platykurtic distributions. The Kolmogorov-Smirnov test and 
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Shapiro-Wilk tests were statistically significant at either the 0.01 or 0.001 levels of 
significance for all 17 sections before and after the development (Appendix 8F and Appendix 
8G), indicating that there is a significant difference between the distributions of crossing 
angles in each section and a normal distribution. 
Crossing angles in each of the 17 sections were split into two groups: angles between 0 
degrees and 90 degrees and angles between 91 degrees and 180 degrees, and the Mann-
Whitney test was used to test the hypothesis that there is a statistically significant (p<0.05) 
difference in crossing angles before and after the development.  
Out of the 34 Mann-Whitney tests, 18 were statistically significant (p<0.05), indicating that 
the null hypothesis is rejected, and the alternate hypothesis that there is a significant 
difference in the angle of crossing movements before and after the development of Acorn 
Road is accepted (Appendix 8H). Sections 5, 7, 9, 10, 11, 12 and 15 had statistically 
significant Mann-Whitney tests for angles of both 0-90° and 91-180°. The mean ranks were 
examined to determine the direction of the difference. In the 0-90° group, the mean rank was 
consistently higher for crossing angles before development, compared to after development, 
indicating that pedestrian crossing movements are closer to the perpendicular of the pavement 
before development. In the 91-180° group, the mean rank was consistently higher for crossing 
angles after development, compared to before development, indicating that pedestrian 
crossing movements are further from the perpendicular of the pavement after development. 
This supports the descriptive analysis of median crossing angles (Figure 8.1) and suggests that 
the greatest variance in crossing behaviour after the development was in the centre of Acorn 
Road, where the main raised platform of shared space was introduced. Six out the seven 
sections with statistically significant Mann-Whitney tests for angles of 0-90° and 91-180° 
were in the centre of the road (sections 5-13). The greater consistency in pedestrian crossing 
angle at either end of Acorn Road (sections 1-4 and 14-17) is accordant with the changes to 
Acorn Road, as these areas were less affected by the development.  
In order to examine which factors were directly related to the significantly wider angles in the 
centre of Acorn Road, crossing angles in the areas of Acorn Road with and without raised 
platforms after development were compared to angles in the same areas of Acorn Road before 
development. The Mann-Whitney test was used to compare crossing angles. First, crossing 
angles in the areas of Acorn Road where raised platforms were not introduced were compared 
before and after the development using a statistical test of variance. The Mann-Whitney test 
was used to test the hypothesis that there is a statistically significant difference in crossing 
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angles before and after development in the areas of Acorn Road where raised platforms were 
not introduced. Angles between 0 and 90 degrees were compared (Table 8.14). 
Table 8.14 - Mann-Whitney test of variance in crossing angles between 0° and 90° in the 
areas of Acorn Road without raised platforms before and after the development 
Sample N Mean Rank r Test Statistic Significance 
Before 333 314.5 -.20 30500.5 .000 
After 239 247.5 
 
The test is highly statistically significant (p<0.001), indicating that the null hypothesis is 
rejected, and the alternate hypothesis that there is a significant difference in crossing angles 
between 0 and 90 degrees before and after development in the areas of Acorn Road without 
raised platforms is accepted. The mean ranks were examined to determine the direction of the 
difference. Mean ranks are higher before the development, indicating that that pedestrians are 
crossing on narrower angles, closer to the perpendicular of the pavement.  
Next, angles between 91 and 180 degrees were compared (Table 8.15) 
Table 8.15 - Mann-Whitney test of variance in crossing angles between 91° and 180° in the 
areas of Acorn Road without raised platforms before and after the development 
Sample N Mean Rank r Test Statistic Significance 
Before 288 242 -.01 28029 .823 
After 197 244.5 
 
The test is non-significant (p>0.05), indicating that the null hypothesis that there is no 
significant difference in crossing angles between 91 and 180 degrees before and after 
development in the areas of Acorn Road where raised platforms were not introduced is 
accepted. This does not support the analysis of angles between 0 and 90 degrees. 
These tests suggest that there is a change in crossing behaviour in the areas of Acorn Road 
where raised platforms were not introduced, with significantly wider crossing angles between 
0 and 90 degrees after the development. This effect is not consistent however, with no 
significant difference in crossing angles between 91 and 180 degrees before and after 
development.  
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In order to examine whether there has been a more consistent change in crossing behaviour in 
the areas of Acorn Road that were covered by raised platforms after the development, a 
statistical test of variance was used. The Mann-Whitney test was used to test the hypothesis 
that there is a statistically significant difference in crossing angles before and after 
development in the areas of Acorn Road where raised platforms were introduced. First, angles 
between 0 and 90 degrees were compared (Table 8.16). 
Table 8.16 - Mann-Whitney test of variance in crossing angles between 0° and 90° in the 
areas of Acorn Road with raised platforms before and after the development 
Sample N Mean Rank r Test Statistic Significance 
Before 692 782 -.18 197081.5 .000 
After 720 634 
 
The test is highly statistically significant (p<0.001), indicating that the null hypothesis is 
rejected and the alternate hypothesis that there is a significant difference in crossing angles 
between 0 and 90 degrees before and after development in the areas of Acorn Road with 
raised platforms is accepted. The mean ranks were examined to determine the direction of the 
difference. Mean ranks are higher before the development, indicating that that pedestrians are 
crossing on narrower angles closer to the perpendicular of the pavement.  
Next, angles between 91 and 180 degrees were compared (Table 8.17). 
Table 8.17 - Mann-Whitney test of variance in crossing angles between 91° and 180° in the 
areas of Acorn Road with raised platforms before and after the development 
Sample N Mean Rank r Test Statistic Significance 
Before 583 536.5 -.20 142564 .000 
After 641 681.5 
 
The Mann-Whitney test is also highly statistically significant (p<0.001), indicating that the 
null hypothesis is rejected and the alternate hypothesis is accepted. The mean rank is higher 
for angles after the development, indicating that pedestrians are crossing on wider angles, 
further from the perpendicular of the pavement. This supports the findings of the analysis of 
angles between 0 and 90 degrees and suggests that introduction of raised platforms of shared 
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space has had a strong and consistent effect on crossing behaviour, with pedestrians crossing 
on significantly wider angles after the development. 
This analysis has demonstrated that the areas of Acorn Road where raised platforms of shared 
space have been introduced have seen more consistent increases in the width of crossing 
angles than the areas where shared space was not introduced. This suggests that the increase 
in the width of crossing angles in the centre of Acorn Road is directly related to the 
introduction of the raised surface.  
The other major change to the layout of the roadway after the development was the 
redistribution of vehicle parking bays (Figure 5.5 and Figure 5.6). The number of parking 
bays was reduced in the centre of the road and more parking bays were created to the east of 
Acorn Road. In order to examine whether the reduction in vehicle parking in the centre of the 
road was directly linked to the increase in the width of crossing angles, a statistical test of 
variance was used. Crossing angles in the areas of sections 5, 6, 7, 8, 10, 11 and 12 which had 
vehicle parking on both sides of the road before development and one side of the road after 
development were compared (Appendix 6U-6W; Appendix 7S-7U).  
The Mann-Whitney test was used to test the hypothesis that there is a significant difference in 
crossing angles before and after the development in the areas where parking was reduced 
from both sides of the road to one side. First, angles between 0 and 90 degrees were compared 
(Table 8.18). 
Table 8.18 - Mann-Whitney test of variance in crossing angles between 0° and 90° in the 
areas of Acorn Road with reduced vehicle parking before and after the development 
Sample N Mean Rank r Test Statistic Significance 
Before 111 219 -.35 7303.5 .000 
After 229 147 
 
The test is highly statistically significant (p<0.001), indicating that the null hypothesis is 
rejected and the alternate hypothesis that there is a significant difference in crossing angles 
between 0 and 90 degrees before and after development in the areas of Acorn Road where 
parking was reduced from both sides to one side of the road is accepted. The mean ranks were 
examined to determine the direction of the difference. Mean ranks are higher before the 
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development, indicating that that pedestrians are crossing on narrower angles closer to the 
perpendicular of the pavement.  
Next, angles between 91 and 180 degrees were compared (Table 8.19). 
Table 8.19 - Mann-Whitney test of variance in crossing angles between 91° and 180° in the 
areas of Acorn Road with reduced vehicle parking before and after the development 
Sample N Mean Rank r Test Statistic Significance 
Before 157 129.5 -.43 7935 .000 
After 204 220.5 
 
The Mann-Whitney test is also highly statistically significant (p<0.001), indicating that the 
null hypothesis is rejected and the alternate hypothesis is accepted. The mean rank is higher 
for angles after the development, indicating that pedestrians are crossing on wider angles, 
further from the perpendicular of the pavement. This supports the findings of the analysis of 
angles between 0 and 90 degrees, and suggests that the reduction in vehicle parking in the 
centre of Acorn Road has had a positive effect on pedestrian perceptions of safety, with 
pedestrians crossing on significantly wider angles, which involve longer, diagonal paths.  
The reduction in vehicle parking is in the main raised platform of shared space, so the 
increase in the width of crossing angles after the development is likely to also be linked to the 
shared space introduction. However, the effect sizes of the two Mann-Whitney tests of vehicle 
parking are relatively high (-.35 and -.43; Table 8.18 and 8.19), compared to the effect sizes 
of the Mann-Whitney tests of raised platforms (-.18 and -.20; Table 8.16 and 8,17). This 
suggests that the reduction in vehicle parking in the main raised platform has had a significant 
positive effect on perceptions of safety, in addition to the effect of the raised platform itself. 
The introduction of shared space in Acorn Road was not limited to the main raised platform. 
The western raised platform was constructed in section 1 (Appendix 7S), and the eastern 
platform was constructed in section 17 (Appendix 7U). In order to examine whether the 
construction of these two smaller raised platforms improved pedestrian perception of safety, 
the section-by-section Mann-Whitney tests of crossing angles were examined (Appendix 8H). 
The Mann-Whitney tests for angles of both 0-90° and 91-180° in section 1 and for angles of 
0-90° only in section 17 were non-significant (p>0.05), and the Mann-Whitney test for angles 
of 91-180° only in section 17 was statistically significant (p<0.05). This suggests that the 
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construction of the western raised platform did not significantly affect crossing angles, but the 
construction of the eastern raised platform had some effect on crossing angles, with the mean 
ranks indicating that pedestrian crossing angles between 91° and 180° were significantly 
wider after the development of Acorn Road (Appendix 8H).   
In addition to the construction of the western raised platform, turning traffic was reduced in 
section 1, with vehicles only able to exit at the St. Georges Terrace junction after 
development (Chapter 7.3.3). Despite this there was no significant change in crossing angle 
after the development. This suggests that other factors may influence crossing behaviour in 
section 1. As discussed, some pedestrians crossing section 1 before and after the development 
will be doing so to continue passing down St Georges Terrace, and will naturally have narrow 
crossing angles. This factor may have a stronger influence on crossing behaviour than the 
geometry of the road and the turning traffic.  
Section 15 is the only section outside of the main raised platform to have statistically 
significant Mann-Whitney tests for angles of both 0-90° and 91-180° (Appendix 8H), with the 
mean ranks indicating that pedestrians cross on significantly wider angles after the 
development. There is also a highly statistically significant (p<0.001) difference between 
crossing angles of 0° and 90° in section 16, with the mean ranks also indicating that 
pedestrians cross on wider angles after the development. The changes to section 15 and 
section 16 were examined to understand the potential causes of the difference in angles. Prior 
to the development of Acorn Road there was a pelican crossing that extended across both 
section 15 and section 16 (Appendix 6W). As discussed in Chapter 6 this crossing may have 
had a narrowing effect on crossing angles, as pedestrians crossing within the boundaries of the 
crossing would have narrow crossing angles. After development this crossing was moved to 
section 17, which may have contributed to the wider angles in section 15 and section 16.  
8.4.3 Summary of Crossing Angles 
The aggregated analysis of pedestrian crossing angles indicated that pedestrians crossed on 
wider angles after the development of Acorn Road, indicating longer crossing paths and 
improved perceptions of safety. This endorses survey findings, and suggests that the 
development of Acorn Road has improved the public's perception of safety. In order to 
examine whether the increase in the width of crossing angles was consistent along Acorn 
Road, angles in each section were compared before and after the development. The increase 
in the width of crossing movements was most apparent in the area of Acorn Road that was 
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completely covered by the main raised platform of shared space (sections 5-13). Six out of the 
seven sections which had significant differences for crossing angles of both 0-90° and 91-180° 
were within the main raised platform, with the mean ranks indicating that pedestrians crossed 
on wider angles after the development. This finding was linked to the introduction of raised 
surfaces and reduction in vehicle parking, and it has positive implications for the introduction 
of shared space into mixed-use high streets such as Acorn Road, suggesting that such schemes 
can improve pedestrian perceptions of safety. 
Pedestrian crossing behaviour was studied further by recording the speed of pedestrian 
crossing movements before and after the development of Acorn Road. Low crossing speeds 
suggest that pedestrians feel comfortable in the roadway and do not need to rush across it. 
Higher crossing speeds suggest pedestrians feel less safe, possibly due to the severing effect 
of vehicle traffic. Crossing speed was investigated as a further measure of the safety of the 
roadway, and the results were used to verify the research into pedestrian crossing angle. 
8.5 Pedestrian Crossing Speed 
The speed of 377 pedestrians was measured before the development of Acorn Road, and 360 
after to analyse the effect of the development on pedestrian crossing speed. The mean average 
crossing speed before the development was 3.22 mph, and the median speed was 3.17mph. 
The mean average speed fell to 3.16mph after the development, and the median speed fell to 
3.14mph.  
A statistical test of variance was used to test if the differences in speed are statistically 
significant. In order to select the appropriate test the normality of the distributions were 
examined. The histograms indicated that crossing speeds after development are normally 
distributed (Appendix 8I), but before speeds are non-normally distributed, with a high peak 
and a heavy-tail compared to a normal distribution (Appendix 8J). This is supported by the 
high positive kurtosis value for before crossing speeds, indicating a leptokurtic distribution 
(Appendix 8N). The Kolgmorov-Smirnov (K-S) and Shapiro-Wilk (S-W) tests were 
inconsistent for before crossing speeds (Appendix 8K), with a non-significant K-S test 
(p>0.05), and a significant (p<0.05) S-W test. Both K-S and S-W tests were non-significant 
for after crossing speeds. In summary, these tests of normality indicate that crossing speeds 
after development are normally distributed, but crossing speeds before development are non-
normally distributed. Taking this into account, the non-parametric Mann-Whitney test was 
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used to test the hypothesis that there is a statistically significant (p<0.05) difference between 
crossing speeds before and after development (Table 8.20). 
Table 8.20 - Mann-Whitney test of variance in crossing speeds before and after the 
development of Acorn Road 
Sample N Mean Rank r Test Statistic Significance 
Before 360 378 -.043 64475.5 .241 
After 377 359.5 
 
The Mann-Whitney test is not statistically significant (p>0.05), indicating that the null 
hypothesis that there is no significant difference in the crossing speed of pedestrians before 
and after development is accepted (Table 8.20).  
The inconsistency between this finding and the pedestrian crossing angle results suggests that 
whilst individuals feel safer and prepared to take longer diagonal crossing paths after the 
development, they feel no desire to slow down as they cross the roadway. 
8.6 Sociability Index 
A sociability index was calculated using the proportion of pedestrians who crossed Acorn 
Road on their own, and the proportion who crossed the road in a group of one or more. 72% 
of pedestrians were observed crossing the road on their own before the development of Acorn 
Road and 28% were observed crossing in a group of two or more. These proportions remained 
unchanged after the development, indicating that the changes to Acorn Road have not had any 
effect on the sociability of the environment. This finding is supported by the attitudinal 
analysis which revealed non-significant differences in responses to the statement 'I often stop 
to talk to friends and family on Acorn Road' before and after development (Section 8.2.4).  
8.7 Vehicle Yielding Behaviour 
As discussed by Department for Transport (2011), shared space design aims to reduce the 
dominance of motor vehicles by encouraging drivers to behave more accommodatingly 
towards pedestrians. In order to examine whether the introduction of shared space in Acorn 
Road increased the level of cooperative behaviour between drivers and pedestrians, vehicle 
yielding behaviour was observed before and after the development.   
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This yielding analysis employed the same methodology used to assess yielding behaviour in 
New Bond Street, Seven Dials and Holbein Place (Chapter 4), with ambiguous yielding 
situations observed. Yielding was analysed from eight hours of video footage collected before 
development, and six hours of video footage collected after development (Table 8.21). 
Table 8.21 - Yielding analysis before and after the development of Acorn Road  
Sample Date; Time Total 
crossings 
Interactions 
no.  
Interactions 
rate 
Yield 
Rate 
Before  30/01/14: 12.00 – 16.00; 
4/6/15: 17.10 – 18.10; 
5/6/15: 12.35 – 13.35; 
10/6/15: 11.00 – 13.00 
1896 182 10% 10.4% 
After  7/6/16: 10.50 – 12.20, 16.20 – 
16.50, 16.55 – 17.55;  
8/6/16: 10.55 – 11.05, 11.15 – 
11.45, 11.50 – 12.40, 15.35 – 
17.05  
1797 113 6% 24.8% 
 
The analysis indicated that the development of Acorn Road has encouraged drivers to behave 
more accommodatingly to pedestrians, with a higher yielding rate observed after, compared to 
before development (Table 8.15). In order to determine whether the difference in yielding 
rates was statistically significant (p<0.05), a two-proportion Z-test was calculated (Table 
8.22). 
Table 8.22 - Z-test of the difference in the proportion of yielding events before and after 
development 
Before Proportion After Proportion z-value p-value 
0.104 0.284 3.3 0.001 
 
The Z-test was statistically significant (p<0.05), indicating that the null hypothesis is rejected, 
and the alternate hypothesis that there is a significant difference between the proportion of 
yielding events before and after development is accepted (Table 8.22). This is very relevant as 
it suggests that the introduction of elements of shared space into Acorn Road has had a 
significant effect on cooperative behaviour, with vehicles more likely to yield to pedestrians 
after the development compared to before.  
In the analysis of vehicle yielding behaviour in New Bond Street, Seven Dials and Holbein 
Place, pedestrian assertiveness was found to be the strongest yielding predictor variable, with 
vehicles between five and twenty eight times more likely to yield to assertive pedestrians than 
194 
 
non-assertive pedestrians (Chapter 4). Pedestrian assertiveness was recorded in each 
ambiguous yielding situation in Acorn Road to examine the effect on yielding behaviour. 
Pedestrians displayed assertive behaviour in 8 out of the 19 yielding events, and in 38 out of 
the 163 non-yielding events before development. Pedestrians displayed assertive behaviour in 
21 out of the 28 yielding events and in 30 out of the 85 non-yielding events after development.  
This suggests that there is an association between pedestrian assertiveness and yielding 
behaviour in Acorn Road, with a greater proportion of pedestrians displaying assertive 
behaviour in yielding events than non-yielding events both before and after development. 
Binary logistic regression was used to examine the influence of pedestrian assertiveness on 
vehicle yielding behaviour in Acorn Road, and to provide a comparison with the yielding 
analysis in New Bond Street, Seven Dials and Holbein Place (Table 8.23). 
Table 8.23- Acorn Road pedestrian assertiveness yielding regression model   
Model Assertiveness 
Significance 
Assertiveness 
Odds Ratio 
Model R2 
Before Pedestrian 
Assertiveness Model 
.021 3.224 .055 
After Pedestrian 
Assertiveness Model  
.001 5.500 .170 
 
Two binary regression models were used analyse the influence of pedestrian assertiveness on 
vehicle yielding behaviour (Table 8.23). The R
2
 values indicate that the after pedestrian 
assertiveness model accounted for more of the variability in vehicle yielding behaviour than 
the before pedestrian assertiveness model. Pedestrian assertiveness had a significant effect on 
yielding behaviour in both models (p<0.05), but the odds ratios indicate that vehicles are 3.2 
times as likely to yield to an assertive pedestrian before development, and 5.5 times as likely 
to yield after development. In addition to the increase in the strength of pedestrian 
assertiveness as a yielding predictor after the development of Acorn Road, more pedestrians 
displayed assertive behaviour. Pedestrians behaved assertively in 25% of the ambiguous 
yielding situations recorded before development, and in 45% of the ambiguous yielding 
situations recorded after development. This suggests that the introduction of elements of 
shared space into Acorn Road has improved pedestrian confidence, which in turn has had a 
positive effect on the behaviour of motorists. 
195 
 
The results of the Acorn Road yielding analysis compare favourably with the analysis of 
yielding behaviour in New Bond Street, Seven Dials and Holbein Place. The yielding rate 
after development of 24.8 % is higher than the yielding rate in New Bond Street, Seven Dials 
and Holbein Place, which had yielding rates of 5.6%, 7% and 16.3% respectively. The 
relatively high yielding rate in Acorn Road is unexpected as it has a relatively high level of 
demarcation between vehicle and pedestrian areas (Chapter 5). This suggests that the level of 
demarcation between the footway and roadway may not directly affect yielding behaviour.  
The increase in cooperative behaviour in Acorn Road may be linked to changes in vehicle 
flow after the development. Schroeder and Rouphail (2011) found that vehicle yielding 
behaviour at un-signalised crosswalks was mainly associated with pedestrian assertiveness 
and vehicle dynamics, with average observed speeds significantly higher for yield than non-
yield events. Furthermore, Geruschat and Hassan (2005) found that necessary deceleration 
rate accounted for 56% of the variability in driver yielding behaviour at roundabouts. Vehicle 
speed and volume were measured before and after development to examine whether these 
factors had an effect on vehicle yielding behaviour. 
8.8 Vehicle Flow  
Speed and volume were measured for consecutive days from the 17
th
 January 2014 to the 23
rd
 
January 2014 before development, and from the 24
th
 February 2016 to the 1
st
 March 2016 
after development using a pneumatic tube device.  
Changes in vehicle volume and speed after the development of Acorn Road were measured 
by calculating the total weekly volume, mean average speeds and 85
th
 percentile speeds 
(Table 8.24). 
Table 8.24 - Vehicle volume and speed before and after the development of Acorn Road 
Sample Volume Mean average 
speed 
85th percentile 
speed 
Before Development 21,619 14.2mph 20.5mph 
After Development 15,089 12.3mph 16.7mph 
  
The total weekly volume reduced by 30% after development, mean average vehicle speeds 
reduced by 13%, and 85
th
 percentile speeds fell by 19% after development (Table 8.24). 
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The chi-square test was used to test the hypothesis that there is a statistically significant 
(p<0.05) difference in vehicle speed before and after development. The data was grouped into 
5mph speed bins, with the three speed bins at the upper end of the scale merged to ensure the 
expected frequencies were greater than five. The test was highly statistically significant 
(p<0.001), indicating that the null hypothesis is rejected, and the alternate hypothesis that 
there is a significant difference in the distributions of vehicle speed before and after 
development is accepted. The standardised residuals demonstrated that out of the eight speed 
bins, six had highly statistically significant (p<0.001) differences between the observed and 
expected frequencies in the before and after surveys (Appendix 8L). The sign of the 
standardised residuals were used to examine the direction of the difference. The speed bins 6-
<11mph and 11-<16mph both had highly statistically significant standardised residuals in the 
two surveys. The after survey standardised residuals were both positively signed, indicating 
significantly higher frequencies than expected, and the before survey standardised residuals 
were both negatively signed, indicating significantly lower frequencies than expected. The 
speed bins 16-<21mph, 21-<26mph, 26-<31mph and 31-<36mph all had highly statistically 
significant standardised residuals in the two surveys. The after survey standardised residuals 
were all negatively signed, indicating significantly lower frequencies than expected. The 
before survey standardised residuals were all positively signed, indicating significantly higher 
frequencies than expected. 
The results of the chi-square test indicate the reduction in mean average and 85
th
 percentile 
vehicle speeds after development are statistically significant. These speed reductions, in 
addition to the decrease in vehicle volume suggest that the development of Acorn Road has 
had a traffic calming effect. Furthermore, the proven association between speed and yielding 
behaviour suggests that the speed reduction may have contributed towards the increase in 
yielding behaviour in Acorn Road.  
The reduction in speed and volume may have also influenced pedestrian behaviour and 
attitudes in Acorn Road. Hine (1996) found that traffic flow was a key factor in pedestrian 
behaviour, with high flows associated with steeper crossing angles. The reduction in vehicle 
volume of 30% in Acorn Road was associated with a significant increase in the width of 
crossing angles after development, supporting Hine's (1996) findings.  
The reduction in vehicle volume is also likely to be linked to the decrease in the percentage of 
pedestrians who interact with vehicles when crossing the road after the development (Table 
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8.21). Four percent fewer pedestrians interact with vehicles when crossing the road after the 
development. 
As discussed by Garrard (2008), when vehicle speeds are high, pedestrians will perceive that 
the risk of injury to them is high. The decrease in vehicle speed after development was 
associated with significant improvements in how users perceive the safety of pedestrians and 
cyclists. 
8.9 Conclusion 
The main objective of the research outlined in this chapter was to assess the performance of 
shared space by comparing a range of direct observation and questionnaire survey methods 
that were implemented before and after the development of Acorn Road. 
The attitudinal analysis revealed highly statistically significant differences in how users 
perceive aspects of the ambience of Acorn Road's environment, the safety of pedestrians and 
cyclists, the dominance of vehicles, and their freedom of movement. The changes in attitudes 
after the development were consistently positive. 
The improvements in perceptions of freedom of movement and reduction in vehicle 
dominance are significant as these were flagged up as key issues in the before survey. Three 
quarters of road users viewed traffic congestion as a problem in Acorn Road before the 
development, and statistical evidence emerged suggesting that this congestion, combined with 
the presence of parked cars had a severance effect on pedestrian freedom of movement.  
The conversion of Acorn Road into a one-way street reduced vehicle volume by 30%, and the 
improved perceptions of freedom of movement and vehicle dominance are likely to be 
associated with this reduction. Perhaps more importantly though, statistically significant 
differences were found in vehicle speed before and after the development. Prior to the 
development, several users relayed fears that the conversion of Acorn Road into a one-way 
street would increase vehicle speeds. One respondent commented that “The parked cars and 
congestion slow cars down making it safer”. These fears were substantiated by research (e.g. 
Meng and Thu, 2004; Wade-Walker et al., 2000), which demonstrated that vehicles travel at 
higher speeds on one-way streets compared to two-way streets.  
However, despite these fears the introduction of shared space in Acorn Road was effective at 
reducing vehicle speed, with reductions in mean average and 85
th
 percentile speeds of 13% 
and 19% respectively.  
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Research (e.g. Schroeder and Rouphail, 2011; Geruschat and Hassan, 2005) indicated that 
vehicle speed is strongly associated with yielding behaviour. After development the yielding 
rate in Acorn Road more than doubled. This increase in cooperative behaviour is indicative of 
an improvement in pedestrian-vehicle interactions and a reduction in vehicle dominance, and 
was supported by the attitudinal analysis which revealed significant improvements in 
perceptions of driver behaviour and vehicle dominance.  
The findings of the attitudinal study were also supported by the observed angle of crossing 
movements. There were statistically significant differences in the angle of crossing movement 
before and after the development of Acorn Road, with mean ranks indicating that pedestrians 
were crossing on wider angles after the development. This endorses survey findings and 
suggests that the development of Acorn Road has improved the public's perception of safety.  
The perception of safety was examined further by analysing pedestrian crossing speed. No 
statistically significant differences were found in crossing speeds measured before and after 
the development of Acorn Road. The inconsistency between this finding and the pedestrian 
crossing angle results suggests that whilst individuals feel safer and prepared to take longer 
diagonal crossing paths after the development, they feel no desire to slow down as they cross 
the roadway. 
There were also inconsistencies between perceptions of freedom of movement in Acorn Road 
and the distribution of crossing movements. Perceptions of freedom of movement improved 
after the development, but this was not supported by the observed location of crossing 
movements, with uneven crossing flows. The irregular layout of Acorn Road was linked to 
these uneven flows, and this suggests that in order to improve pedestrian accessibility shared 
space sites should be uniform in their design.  
Along with neutral findings on crossing speed, survey evidence suggested that the 
introduction of shared space has not improved perceptions of economic vitality. Furthermore, 
observational research into the sociability of the environment indicated no variation, with an 
identical sociability index before and after the development. 
This suggests that the retail and leisure functions of Acorn Road have been less affected by 
the development, with the reduction in vehicle dominance brought about by a shared space 
implementation not able to trigger an improvement in the economic prosperity and sociability 
of the environment. This may be linked to the diversity of the retail environment and will be 
discussed further in Chapter 9.
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Chapter 9: Discussion 
The aim of this thesis was to examine the effect of shared space on the attitudes and behaviour 
of road users. This aim engendered the two main strands of the research: a preliminary study 
into pedestrian-vehicle interactions in several shared space sites in the UK, and a before-after 
case study of a shared space implementation in Newcastle upon Tyne. The findings of the 
research helped to assess the performance of shared space, and examine its potential to 
perform both place and movement functions.  
9.1 Preliminary Research into Vehicle and Pedestrian Behaviour 
The preliminary research identified the differences between several shared space schemes, 
substantiating the assertion from Local Transport Note 1/11: Shared Space (Department for 
Transport, 2011) that there is no definitive shared space design. The four sites examined had a 
range of design, traffic and pedestrian characteristics, with differing levels of demarcation 
between vehicle and pedestrian space, different vehicle volumes and speeds, and different 
pedestrian crossing flows (Chapter 3.1). In order to examine the effect of these characteristics 
on road user interactions, Post-Encroachment-Time (PET) in pedestrian-vehicle encounters 
was recorded (Chapter 4.3). PETs were highest in Blackett Street, indicating that pedestrians 
felt less comfortable interacting with vehicles in this environment, and consequently accepted 
larger gaps when crossing the road in order to create a buffer between themselves and 
oncoming traffic.  
This finding is interesting as it suggests that despite having the highest 'shared space rating', 
pedestrians felt less comfortable sharing the roadway in Blackett Street, compared to the three 
other sites. In addition to the high PETs, no vehicle yielding behaviour was recorded in 
Blackett Street. These findings suggest that merely reducing the level of demarcation between 
vehicle and pedestrian areas is not enough to improve pedestrian confidence, and encourage 
drivers to behave more accommodatingly towards pedestrians. The relatively high PETs and 
absence of vehicle yielding behaviour in Blackett Street was linked to the higher vehicle 
speeds and presence of buses, with research from Kadali et al. (2015), Sun et al. (2003) and 
Schroeder and Rouphail (2011) demonstrating the association between vehicle speed and road 
user behaviour, and research by Paulozzi (2005) establishing the increased accident risk of 
buses. This has implications for this research, as it suggests that a more holistic approach to 
designing shared space schemes, that incorporates traffic as well as design characteristics is 
necessary to achieve the objective of reducing vehicle dominance. 
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9.2 Yielding and Gap Acceptance Research 
In order to further examine pedestrian-vehicle interactions, factors that influence vehicle 
yielding and pedestrian gap acceptance behaviour were investigated at three case study sites 
in London and Bath (Chapter 4.4 and Chapter 4.5). Predictive models for examining yielding 
and gap acceptance behaviour using logistic regression were developed. These models were a 
function of driver and vehicle attributes, including gender and type of vehicle, pedestrian 
characteristics including assertiveness and age, and traffic conditions including the size of the 
gap between vehicles.  
The results suggest that drivers are statistically up to twenty eight times more likely to yield to 
pedestrians assertive in their approach to the carriageway. Gap acceptance analysis indicated 
that pedestrians are statistically three times as likely to accept a gap between vehicles if there 
are other pedestrians already present in the carriageway, and that female pedestrians are 
statistically two times less likely to accept a gap than male pedestrians.  
This finding is inconsistent with the research of Yannis et al. (2013), who found that men 
accepted larger and safer gaps than females. However, it is supported by Holland and Hill 
(2007), who in a study of pedestrian crossing behaviour found that women generally felt that 
a harmful outcome was more likely when crossing over the road. Furthermore, statistical data 
from the Department for Transport (2004) found that men of all ages are at greater risk of 
serious injury than women. This casts doubt on the findings of Yannis et al. (2013), and 
suggests that the association between gender and gap acceptance in Holbein Place does have 
support in the literature. 
There is considerable variation in the performance of the yielding models, both in terms of the 
R
2
 values, and in the statistically significant yielding predictors. This variation reflects the 
influence of observable variables on driver yielding behaviour. A low R
2
 value such as the 
Seven Dials model value of 0.19 suggests that unobserved sources of variation are high in 
yielding behaviour. Higher R
2
 values, such as the Holbein Place and New Bond Street models, 
which had R
2
 values of 0.28 and 0.42 respectively, indicate that a greater degree of the 
variation in yielding behaviour can be explained by the observed factors. The variation in 
performance is indicative of a different relationship between pedestrians and vehicles in the 
different sites, which can also be observed in the varying yielding rates. Holbein Place had the 
highest yielding rate of 16%; Seven Dials had a yielding rate of 7%, and New Bond Street 5%. 
These yielding rates are likely to be a consequence of various differences between the sites, 
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but there is evidence to suggest that design characteristics and vehicle dynamics may be the 
strongest factors.  
Comparing Holbein Place with New Bond Street, both have similar pedestrian and vehicle 
flows, and similar traffic compositions (both streets have high proportions of private cars), but 
different mean vehicle speeds, and different design characteristics. At first glance the streets 
appear similar; both are one-way single track roads that pass through busy pedestrianised 
areas. However, although New Bond Street has a level surface with no raised curbs, there is a 
clear contrast between the paved footway and the tarmacked roadway. In Holbein Place the 
contrast between the footway and carriageway is more subtle, with a slight contrast in paving 
and metal floor studs to mark out the roadway. This reduction in demarcation in Holbein 
Place may be linked to the increased yielding rate, with research from MVA Consultancy 
(2010) indicating that the more shared a site is deemed to be, the more likely vehicles are to 
give way. The lower yielding rate in New Bond Street, compared to Holbein Place may also 
be linked to the higher mean vehicle speed, with evidence from Schroeder and Rouphail 
(2011), and Geruschat and Hassan (2005) suggesting that that average observed speeds are 
significantly higher for non-yield than yield events.  
The one common factor across all three sites is the strength of pedestrian assertiveness as a 
yielding predictor. This finding mirrored those of published studies, with Schroeder and 
Rouphail (2011), Geruschat and Hassan (2005) and Harrell (1993) reporting similar findings. 
The pedestrian assertiveness coefficient was considerably higher in New Bond Street than in 
Seven Dials or Holbein Place, and the strength of this variable was responsible for relatively 
high performance of the New Bond Street model. This may be a consequence of the different 
design characteristics. The greater demarcation between the footway and roadway in New 
Bond Street may increase the visibility of pedestrians in the roadway, compared to Seven 
Dials and Holbein Place, increasing the odds of a vehicle yield. 
9.3 Limitations in the Modelling Approach  
The discrepancy in the performance of the yielding models illustrates the difficulty in 
assessing shared space schemes, and drawing valid conclusions on their effectiveness. The 
variance between shared space sites convolutes this process, and makes it difficult to attribute 
performance measures to specific design, traffic and pedestrian characteristics. In order to 
evaluate the capability of shared space to reduce vehicle dominance and improve a street's 
sense of place, it is necessary to compare performance measures before, and after a shared 
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space implementation. As discussed, to the author's knowledge, only one study has directly 
compared performance before and after shared space implementations. Karndachuruk et al. 
(2013) conducted a before-after case study of three shared space sites in Auckland, New 
Zealand. Pedestrian experience improved and vehicle dominance reduced in the sites, but the 
study was limited by its omission of attitudinal research. Karndachuruk et al. (2013) 
acknowledged that examining the full effect of vehicle speed and volume reductions on 
pedestrian performance in shared space sites would require perception surveys. 
The case for perception surveys is furthered by the R
2 
values for the yielding and gap 
acceptance models, which suggest that there are other unobserved factors that influence 
driver's propensity to give way, and pedestrian's propensity to accept gaps in the traffic.  
This highlights the limitations of behavioural models that are strictly based on observable data. 
As discussed by Schroeder and Rouphail (2011), the data collection has no way of assessing 
the level of courtesy of individual drivers, or whether a particular driver or pedestrian is in a 
rush to get to a destination. In order to effectively assess the performance of shared space 
schemes, it is necessary to account for the unobservable variables that can only be revealed 
through survey research. 
9.4 The effect of a Shared Space Implementation on Attitudes and Behaviour 
This assertion informed the next strand of the PhD research; a before-after case study of a 
shared space implementation in Newcastle upon Tyne. 
This case study encompassed a survey of 500 road users before, and 500 after the 
development, the observation of pedestrian crossing movements, analysis of pedestrian-
vehicle interactions and recording of vehicle speed and volume. 
Factor analyses were used to identify the underlying themes that characterised attitudes before 
and after development (Chapter 6.2.3 and Chapter 7.2.3). Both factor analyses produced 
comparable three factor solutions, with statements grouped into perceptions of freedom of 
movement, interactions between users and road safety; perceptions of vehicle dominance, and 
perceptions of environmental ambience and safety. The agreement between the two factor 
analyses suggests that there are several key latent variables that describe attitudes towards 
mixed-use high streets such as Acorn Road. In order to examine whether the development of 
Acorn Road affected perceptions of these variables, Likert scores in the before and after 
surveys were compared using chi-square tests (Chapter 8.2). 
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24 out of the 29 chi-square tests were statistically significant (p<0.05), indicating a significant 
difference in the pattern of Likert responses in the before and after surveys. Out of the 24 
statements, all but one had significant (p<0.05) standardised residuals for Likert scores of 1 or 
7, indicating significant differences in the number of respondents strongly agreeing and 
strongly disagreeing in the two surveys. The sign of the standardised residuals suggested a 
uniform improvement in attitudes after the development of Acorn Road, with respondents in 
the after survey more likely to strongly agree with positively phrased statements, and more 
likely to strongly disagree with negatively phrased statements.  
This finding is significant as concerns were voiced prior to the development, regarding the 
proposed changes to Acorn Road. Newcastle City Council conducted a public consultation in 
September 2014 to gauge the level of support for the development of Acorn Road. Out of a 
total of 624 views received in the consultation, 44% were opposed to reducing vehicle flow 
and creating three raised platforms of shared space in Acorn Road. Furthermore, after the 
close of the consultation, two petitions signed by residents, traders and landlords were 
submitted to Newcastle City Council opposing the development (Higgins, 2015). The 
concerns raised in the public consultation and two petitions centred on the proposed loss of 
ten parking spaces and, to a lesser extent, the change from a two-way to one-way traffic flow.  
The significance of vehicle parking to mixed-use high streets was considered in "The 
Pedestrian Pound", a research paper commissioned by Living Streets (2013). This paper 
discussed how it is often assumed that struggling high streets need more parking, and should 
be easier to get to by car. The issue of parking influenced the development of Acorn Road, 
with Newcastle City Council giving the go-ahead for an amended design which retained all 
but one of the original parking spaces. 
9.5 Reduction in Vehicle Dominance 
Despite the marginal reduction in vehicle parking after development, perceptions of parking 
availability were improved, with significantly fewer respondents strongly agreeing that there 
are not enough parking spaces in the after survey. Perceptions of the effects of parking on 
accessibility also improved, with significantly fewer respondents strongly agreeing that 
parked cars make it very difficult to cross Acorn Road in the after survey. This suggests that 
the re-distribution of parking spaces after development has helped to reduce some of the 
concerns over vehicle parking. 
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The improvement in perceptions of crossing accessibility was mirrored by improvements in 
perceptions of the convenience of pedestrian crossings, the ease of use of footpaths and 
suitability of Acorn Road for disabled people. This last finding has particular relevance for 
this research as shared spaces have been described as 'disabling by design' (Imrie, 2012, p. 
2273), with 70% of disabled people reporting their experience of using shared spaces as poor 
(Holmes, 2015). Before development, 19% of respondents strongly agreed that Acorn Road is 
poorly-suited for disabled people, and 4% strongly disagreed. After development, 6% of 
respondents strongly agreed that Acorn Road is poorly-suited for disabled people, and 22% 
strongly disagreed. It should be noted that the disability of respondents was not recorded in 
the survey, so there is no way of determining whether individual respondents with a disability 
feel that Acorn Road is better suited to their needs after development. However, taken as a 
whole, the results suggest that contrary to research evidence, the introduction of shared space 
has improved perceptions of the accessibility of the environment for disabled people.  
This may be linked to the nature of the shared space introduction in Acorn Road. As 
discussed, with a low 'shared space rating' Acorn Road represents a quasi-shared space 
scheme, with segregated vehicle and pedestrian movement. Though the kerbs have been 
removed in the raised platforms, there is still a high contrast in colour between the surface of 
the roadway and surface of the footway, and bollards and road markings to help further 
demarcate between the two areas. These demarcating features, in addition to the corduroy 
paving strips which line the edge of the roadway, may help visually-impaired people de-
lineate between the roadway and footway. Furthermore, as discussed by Joyce (2012), while 
the provision of vehicle parking is discouraged in shared space designs, some vehicle parking 
may be appropriate, especially for mobility-impaired people. Although retaining the majority 
of the parking spaces in Acorn Road was not in-keeping with the concept of shared space, it 
may have benefited mobility-impaired people.  
The development of Acorn Road was funded by the £5.7m awarded to Newcastle upon Tyne 
as part of the Department for Transport's 'Cycling City Ambition Fund'. This funding was 
intended to “develop routes and encourage more people to cycle, benefitting cyclists, bringing 
environmental improvements and health benefits for all, and supporting a city wide road 
network fit for the future” (Newcastle City Council, 2014, p. 5) As part of the 'Cycling City 
Ambition Fund', up to £350,000 was included to be spent developing Acorn Road into a cycle 
friendly shopping area. In order to assess the effect of the development of Acorn Road on 
cyclists, responses to the statement 'Cyclists are safe on Acorn Road' were compared before 
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and after development. The chi-square test revealed significant improvements in responses to 
this statement, with 20% of respondents strongly agreeing that cyclists are safe in Acorn Road 
in the after survey, compared to 6% in the before survey. In order to better understand the 
effect of the development on cyclists, the sample was disaggregated by trip purpose, with the 
perceptions of respondents that cycled to Acorn Road in both surveys analysed separately 
(Chapter 8.2.3). 
The improvement in perceptions of safety was even more marked amongst cyclists, with only 
1 out of the 30 cyclists in the before survey strongly agreeing that cyclists are safe on Acorn 
Road, compared to 9 out of the 33 cyclists in the after survey. This difference was statistically 
significant (p<0.05), indicating that the development of Acorn Road has improved 
perceptions of cycling safety. In order to determine whether this improvement in perceptions 
of safety has resulted in an increase in how frequently people cycle in Acorn Road, responses 
to the question 'How often do you cycle along Acorn Road' were compared. Despite the 
improvement in perceptions of safety, cycling frequencies were significantly lower in the 
after survey, compared to the before survey. This suggests that although people feel that it is 
safer to cycle in Acorn Road after development, they do not feel compelled to cycle more 
themselves. This finding is unexpected, but may be linked to the dates of the two surveys. The 
before survey was carried out in July, August and September 2014, towards the end of the 
summer, whilst the after survey was carried out in March, April and May 2016, towards the 
end of the winter. People are likely to cycle less frequently in the winter months, which may 
have affected the responses to the question.  
The improvement in the perception of cycling safety suggests that the development of Acorn 
Road has achieved the objective of creating a better environment for cyclists. This finding 
counters the results of the recent Holmes Report into shared space design (Holmes, 2015), 
which reported that 48% of cyclists rated their experience of using shared space as poor. This 
report did not identify the individual shared space schemes that prompted negative feedback 
from cyclists, but stated that the majority of cyclists reported that vehicles travelled at speed 
in the schemes they used, and dominated the road space. Vehicle speeds reduced in Acorn 
Road after the development, with mean average speeds decreasing by 13% after the shared 
space development, and 85
th
 percentile speeds decreasing by 19% (Chapter 8.8). Vehicle 
volume also decreased after the development, with a reduction of 30%, and these reductions 
may have reduced vehicle dominance, improving perceptions of cycling safety.  
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As discussed in Chapter 8, the reduction in vehicle speed in Acorn Road is significant, 
because concerns were raised in the before survey that the change from a two-way to one-way 
traffic flow would increase vehicle speeds. The lower speeds after development suggest that 
pedestrian and cyclist safety has improved, with several studies (e.g. Bowie and Walz, 1994; 
Treat et al., 1979 and Várhelyi et al., 2003) demonstrating the link between speed and safety. 
Engwicht (2005) discussed how shared spaces can act as a 'mental speed bump' for drivers, 
with the blurred boundaries between the roadway and footway, and the presence of 
pedestrians in the street causing drivers to slow down and drive more carefully. Despite 
research evidence (e.g. Meng and Thu, 2004; Wade-Walker et al., 2000)  demonstrating that 
vehicles travel faster on one-way streets, compared to two-way streets, the introduction of 
three raised platforms of shared space in Acorn Road helped to moderate vehicle speeds. 
Though the reductions in vehicle speed in Acorn Road were less than those observed by 
Karndachuruk et al. (2013), who reported a reduction in mean vehicle speed of 24% across 
three shared space conversions in Auckland, New Zealand, they were statistically significant, 
and the reduction in vehicle speed in Acorn Road can be seen as one of the main successes of 
the development. 
The attitudinal analysis supported the assertion that vehicle dominance has reduced in Acorn 
Road, with significantly more respondents strongly disagreeing with the statements 'Vehicles 
travel too fast' and 'Traffic congestion is a major problem' in the after survey, compared to the 
before survey. The improvement in perceptions of vehicle dominance are mirrored by 
improvements in perceptions of vehicle, pedestrian and cyclist interaction, with significantly 
more respondents strongly agreeing with the statements 'Pedestrians and vehicles are 
considerate to each other', 'Cyclists and vehicles are considerate to each other' and 'I trust 
drivers to slow down when I cross Acorn Road' in the after survey, compared to the before 
survey (Chapter 8.2).  
The improvements in the perception of road user’s interaction were supported by observed 
vehicle yielding behaviour, with more than twice as many drivers yielding to pedestrians after, 
compared to before development (Section 8.7). Several researchers have linked vehicle speed 
to yielding behaviour (e.g. Schroeder and Rouphail, 2011; Geruschat and Hassan, 2005). 
Furthermore, the yielding analysis discussed earlier in this chapter indicated that the increased 
rate of yielding in Holbein Place, compared to New Bond Street was associated with lower 
mean vehicle speeds. The decrease in vehicle speed, and subsequent increase in yielding 
behaviour in Acorn Road supports these findings. This is very relevant as shared space is a 
design concept that aims to reduce the dominance of vehicles, by encouraging drivers to 
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behave more accommodatingly towards pedestrians (Department for Transport, 2011). The 
results of the attitudinal and yielding analysis suggest that the introduction of elements of 
shared space into Acorn Road has successfully reduced vehicle dominance, and encouraged 
more accommodating behaviour. The yielding rate after development of 24.8% is higher than 
the yielding rates in New Bond Street, Seven Dials or Holbein Place, all of which had designs 
more in-keeping with the concept of shared space. This suggests that it is not necessary to 
completely remove demarcation between vehicle and pedestrian space, to increase the level of 
cooperative behaviour. This has implications for the classification of shared space, and 
suggests that attempts to define shared spaces based purely on their design features (e.g. 
MVA Consultancy, 2010) are not necessarily indicative of shared space performance. 
Aspirational approaches to classifying shared spaces (e.g. Department for Transport, 2011), 
based on the behaviour they induce from road users are a more practical means of defining the 
concept. 
9.6 Pedestrian Crossing Behaviour  
In order to examine whether the reduction in vehicle dominance affected pedestrian crossing 
behaviour, the angle, location and speed of crossing movements were observed before and 
after development.  
Despite highly significant improvements in how users perceive aspects of their freedom of 
movement, the observed location of crossing movements indicated that pedestrian flows are 
not evenly distributed after development, with clusters of crossings at the western end of 
Acorn Road, and towards the centre of the street (Chapter 7.3.4). This finding does not 
support Karndachuruk et al.’s (2013) case-study, which found that shared space 
implementations in Auckland resulted in more accessible environments, where pedestrians 
felt comfortable walking along and across the whole road space.  
As discussed in Chapter 8.3, the imbalance in crossing flows may be due to the inconsistent 
road layout in Acorn Road, with three distinct platforms of shared space, separated by two 
areas of segregated, non-shared roadway. The reduction in the width of the roadway at the 
western end of Acorn Road, and in the centre reduces the crossing distance for pedestrians, 
improving accessibility. This may encourage pedestrians to cross the road here, rather than 
crossing at other locations along Acorn Road. Though the variation in roadway width may 
have had a detrimental effect on crossing accessibility, research evidence indicates that 
narrowed roadways can effectively moderate traffic speeds. Manual for Streets (Department 
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for Transport, 2007) found that increased roadway widths were correlated with increased 
vehicle speeds. Furthermore, in a review of traffic calming measures, Kennedy et al. (2005) 
found that breaking up the linearity of the roadway can reduce vehicle speeds. Kerb 
extensions, such as those incorporated into the main raised platform in Acorn Road, can 
create a degree of uncertainty regarding the road width, causing drivers to slow down and 
drive more carefully. Local Transport Note 1/11: Shared Space (Department for Transport, 
2011) argued that aspects of street design that encourage low vehicle speeds have more 
influence on sharing behaviour than any other. This assertion is supported by the yielding 
analysis in Acorn Road, with the reduction in vehicle speed accompanied by an increase in 
the proportion of vehicles giving way to pedestrians.   
In addition to the location, the angle and speed of crossing movements were recorded to 
examine the public's perception of safety. The observed angles of crossing movements 
supported the attitudinal analysis, with pedestrians crossing on statistically significantly wider 
angles after the development, indicating improved perceptions of safety (Chapter 8.4). There 
were differences in crossing angles within Acorn Road after the development, with 
significantly wider angles within the raised platforms of shared space, compared to the areas 
not covered by shared space (Chapter 7.3.2). This finding is relevant as it suggests that shared 
space can have a significant effect on perceptions of crossing safety. The development of 
Acorn Road involved both a shared space conversion and a reduction in vehicle volume and 
speed, making it difficult to separate the effect of the changes in design and traffic 
characteristics on pedestrian attitudes and behaviour. However, the variation in crossing 
angles after development, with significantly wider angles within the raised platforms of 
shared space suggests that the changes in the design characteristics had a positive effect on 
perceptions of safety. 
In order to better understand the effect of the development on perceptions of safety, pedestrian 
crossing speed was recorded before and after development. No statistically significant 
differences were found in crossing speeds (Chapter 8.5). As discussed, this suggests that 
whilst individuals feel safer and are prepared to take longer, diagonal crossing angle after 
development, they feel no desire to slow down as they cross the roadway. Variables such as 
age, gender and trip purpose have been linked to crossing speed (e.g. Ishaque and Noland, 
2008). These variables were not recorded in the study, but may have had a greater effect on 
crossing speed than perceptions of road safety.  
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9.7 Place versus Movement Functions 
As discussed by Department for Transport (2011), all streets balance a movement and place 
function; and shared space schemes can enhance a street's sense of place, encouraging people 
to visit and spend time there, while maintaining its ability to accommodate through traffic. 
The reduction in vehicle traffic through the introduction of a shared space scheme in Acorn 
Road represents an attempt to redress the imbalance between movement and place functions, 
and create a better environment for walking and cycling. 
The findings indicate that the reductions in vehicle speed and volume and introduction of 
shared space in Acorn Road have helped to moderate the movement function of the street. 
Perceptions of traffic congestion and vehicle dominance have been improved and pedestrians 
have enhanced perceptions of road safety, with trajectories indicating that pedestrians are 
crossing on wider angles after the development. These enhanced perceptions have improved 
pedestrian confidence, with more pedestrians displaying assertive behaviour in their 
interactions with vehicles, and subsequently yielding rates have increased.  
In order to assess the effect of the development on Acorn Road's place function, perceptions 
of sociability and economic vitality were compared in the before and after surveys, the 
responses to several frequency of use questions were contrasted, the amount of time 
respondents spent in Acorn Road was examined, and observational research into the 
sociability of the environment was analysed (Chapter 8.2.4).  
The two statements that related to perceptions of economic vitality both had non-significant 
chi-square tests, indicating that there is not a significant difference in the pattern of responses 
before, compared to after development. This suggests that the development of Acorn Road 
has not had a significant effect on the economic vitality of the environment. The frequency of 
use and time spent questions either endorsed the economic vitality attitudinal statements, or 
suggested that the development may have actually had a detrimental effect on the prosperity 
of local shops and businesses. These findings indicate that the retail function of Acorn Road 
has not been improved by the development. This is supported by Horrell and Jones (2015), 
who examined the effect of a shared space implementation in Bexleyheath, London on the 
economic prosperity of local businesses. Horrell and Jones (2015) surveyed 17 traders before 
and after development and found only marginal improvements in perceptions of economic 
growth, leading them to reject the hypothesis that businesses will experience benefits as a 
result of the shared space implementation. 
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The neutral effects of the development of Acorn Road on economic vitality may be associated 
with the range of shops. The changes in shop frontage after development were generally like-
for-like, and maintained the uniformity of a shopping environment that is dominated by cafes 
and takeaways, boutique clothes stores and estate agents. As discussed by Jones et al. 
(2007b.), one of the key ingredients of successful mixed-use high streets is a broad range of 
local businesses and services that cater for a diversity of interests. Several respondents in both 
the before and after surveys commented that Acorn Road would benefit from a wider range of 
independent shops, and the lack of retail diversity may have contributed towards the neutral or 
negative changes in economic vitality.  
The attitudinal analysis also indicated that the leisure function of the site has not been 
improved by the development, with a non-significant difference in the pattern of responses to 
the statement 'I often stop to talk to friends and family in Acorn Road', and a decrease in how 
frequently people visit Acorn Road for leisure purposes and to socialise in the street. These 
findings were supported by the sociability index, which was calculated to compare the 
number of people using the space in couples or groups, to the number of people using the 
space on their own. No differences in sociability were found before and after the development 
(Chapter 8.6). 
The measures of sociability in Acorn Road represented an opportunity to apply the pioneering 
research of Donald Appleyard (1980) to a non-residential setting. Appleyard found an 
association between road traffic and quality of life, with people living on a street with 
relatively heavy traffic having one-third as many social connections as people living on a 
street with relatively light traffic. Appleyard's findings were supported by follow-up studies 
(e.g. Bosselmann et al., 1999; Hart and Parkhurst, 2011), but the measures of sociability in 
Acorn Road suggest that they may not be applicable to non-residential settings.   
The negative or neutral effects of the development on the retail and leisure functions of the 
site suggest that whilst shared space schemes can help to reduce vehicle dominance, through 
lower vehicle speeds and increased cooperative behaviour, on their own they may not be 
enough to improve the sociability and economic vitality of high streets. 
This has implications for the purposes of shared space schemes outlined by MVA 
Consultancy (2009), and suggests that unless they are accompanied by improvements in the 
diversity of the retail environment, shared space implementations may be unable to enhance 
the economic vitality of places. 
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9.8 The association between Age, Gender and Attitudes 
In order to assess the effect of sample demographics on attitudes towards Acorn Road, the age, 
gender, ethnicity and occupation of participants were recorded in the before and after surveys 
(Chapter 6.2. and Chapter 7.2). There was a correlation between age and attitudes in both 
surveys, with older participants having more negative perceptions of vehicle dominance, 
environmental ambience, the suitability for disabled people and cyclist safety in the before 
survey, and more positive perceptions of vehicle dominance in the after survey. The shift in 
older people's perceptions of vehicle dominance may be linked to the association between age 
and crossing behaviour. Brewer et al. (2006) discussed how road crossing behaviour is 
dependent on the pedestrian’s ability to determine the speed and distance of the approaching 
vehicle, and the time necessary to cross the road. This ability is influenced by the pedestrian’s 
age and physical limitations. Oxley et al. (2005) found that the ability to choose safe gaps in 
the traffic decreased with age, and this was exacerbated by higher vehicle speeds. The 
significant reduction in vehicle speed in Acorn Road may have had a greater effect on older 
people's perceptions of vehicle dominance, compared to younger people. This finding, along 
with the findings concerning disabled people in Acorn Road, suggest that shared space 
implementations can have a positive effect on safety and accessibility for vulnerable road 
users, increasing the inclusivity of street environments.  
There was also a correlation between gender and attitudes. In both surveys females had more 
negative perceptions of the interaction between road users, and more negative perceptions of 
vehicle traffic in Acorn Road than males. These negative perceptions can be linked to the 
Holbein Place gap acceptance analysis, which demonstrated that females were two time less 
likely to accept a gap in the traffic than males. Holland and Hill (2007) found that women 
generally felt that a harmful outcome was more likely when crossing the road than men, 
suggesting that females feel less comfortable interacting with vehicles. These findings support 
the Acorn Road attitudinal analysis, and suggest that despite the introduction of shared space 
and reduction in vehicle speed, there is still an imbalance in the perceptions of male and 
female users towards vehicle traffic in Acorn Road.  
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9.9 Comparison with the Newcastle City Council (2016) Study   
In December 2016, Newcastle City Council commissioned a report to examine the 
effectiveness of the development of Acorn Road. Evaluating Perceptions and Experiences of 
Recent Changes at Acorn Road surveyed 250 residents, traders and visitors to Acorn Road. A 
total of 21 out of the 23 traders on Acorn Road were consulted on whether they felt that 
Acorn Road had been improved by the changes, and 72% said it was 'much better'. The 
attitudinal analysis in this PhD research indicated that the development has not improved the 
economic vitality of the street, and this was supported by the disaggregated analysis of traders, 
which found non-significant differences in responses to the statement 'Acorn Road is a 
thriving retail area' (Chapter 8.2.4). These findings seem to oppose the opinions of traders in 
Newcastle City Council (2016), however the traders were not consulted directly on their 
opinions of economic vitality, instead on their overall perceptions of the development. When 
asked for their general comments on the scheme, a number of traders commented that parking 
availability was very limited, reducing potential customer numbers. This indicates that there is 
some concern amongst traders regarding the effects of the scheme on economic prosperity, 
reflecting the neutral or negative changes in economic vitality revealed by the PhD survey.  
A total of 135 residents in the streets adjoining Acorn Road participated in the Newcastle City 
Council (2016) study, and expressed positive opinions on the development, with 91% stating 
that Acorn Road was either 'much better' or 'a little better' after development. Residents were 
asked their opinion on a range of issues in Acorn Road, and the findings supported the PhD 
research. 90% of residents felt that the amount of space available to pedestrians had improved 
after the development, which supports the enhanced perceptions of freedom of movement 
revealed by the PhD research. 53% of residents stated that pedestrian safety had improved 
after development, supporting the attitudinal analysis, which demonstrated that significantly 
more respondents felt safe crossing the road in the after survey. Furthermore, 93% of 
residents believed that the changes had improved the attractiveness of the area, supporting the 
attitudinal analysis, which indicated that significantly more respondents strongly agreed that 
Acorn Road is an attractive place to visit after development. 
Visitors to Acorn Road were also surveyed by Newcastle City Council (2016), and shared 
similar opinions to the residents; with 86% believing that Acorn Road had been improved by 
the changes, 85% stating that there was more pedestrian space after the development, 62% 
feeling that pedestrian safety had improved, and 94% believing that Acorn Road was more 
attractive. 
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The strong association between the attitudinal analysis carried out in this PhD research, and 
the findings from Newcastle City Council (2016) reinforces the inference that the 
development of Acorn Road has enhanced environmental perceptions, and suggests that the 
improvements in attitudes towards freedom of movement, pedestrian safety and attractiveness 
reported by the PhD research are consistent with recent Acorn Road studies.    
9.10 Conclusion 
This chapter discussed the key findings from the research and their implications for the design 
and evaluation of shared space schemes. Modelling research into pedestrian gap acceptance 
and vehicle yielding established that non-observable sources of variation are high when it 
comes to these behaviours. There are examples of shared space attitudinal research in the 
literature (e.g. Public Perceptions Limited, 2014; Firth, 2011; Hammond and Musselwhite, 
2013), but these studies are limited by the differences between the selected sites, making it 
difficult to compare the findings and draw accurate conclusions on the performance of shared 
space. In order to accurately examine the effect of shared space on attitudes and behaviour, it 
is necessary to compare performance before and after a shared space implementation.  
The research findings indicate that in order to achieve the stated objective of reducing vehicle 
dominance and encouraging accommodating behaviour, shared space design must incorporate 
both design, and traffic characteristics. The components of effective shared space schemes are 
interdependent; design characteristics such as narrowed roadways can reduce vehicle speeds, 
and lowered speeds can improve pedestrian confidence, encouraging assertive behaviour and 
increasing yielding rates. The foundation for successful shared space schemes are, however 
the traffic characteristics of the site. Traffic characteristics such as high vehicle speeds and 
high flows of buses are inherently unsuitable for shared space implementations, which are 
based on the interaction between road users. As discussed by Hamilton-Baillie (2008b.), 
reductions in vehicle speed are the most important component of shared road environments. 
Studies into the effect of vehicle speed on pedestrian behaviour suggest that a change occurs 
at speeds of around 20 mph (e.g. Department of the Environment, Transport and the Regions 
1997; Pilkington, 2000), and at vehicle speeds of above 20mph, shared space implementations 
will not be effective at inducing cooperative behaviour between road users.   
The research was also used to determine the purposes of shared space design, and examine 
their potential in solving the conflict between movement and place functions that has stifled 
the development of mixed-use high streets. The findings indicate that whilst shared space 
implementations can reduce the competition for space within road environments, and lessen 
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the compatibility constraints of streets, they may not be able to vitalise the retail and leisure 
functions of high streets.
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Chapter 10. Conclusions and Suggestions for Future Work 
10.1 Conclusions 
This thesis has investigated the performance of shared space schemes, and established the role 
shared space can play in improving mixed-use high streets. The following conclusions are 
drawn: 
1. The fundamental component of effective shared space schemes are low vehicle speeds. 
At lower speeds, motorists have time to react to the arrival of a pedestrian at the side 
of the roadway, and slow their vehicle to allow them to cross. The success of the 
Acorn Road development was a consequence of low vehicle speeds before 
development, which provided a platform for the reduction in vehicle dominance and 
increase in cooperative behaviour. At sites with higher vehicle speeds, of 20 mph and 
above, shared space implementations are likely to be less effective. 
2. Shared space schemes, when complemented by reductions in vehicle flow can 
improve aspects of pedestrian performance, and reduce vehicle dominance. These 
findings are relevant as urban high streets have frequently prioritised vehicle access, at 
the expense of their place function.  
3. In order to achieve the stated objective of reducing vehicle dominance, shared space 
design should encompass a holistic approach, incorporating a range of traffic and 
design characteristics. This has implications for existing shared space research, as it 
suggests that approaches for classifying shared space schemes based on their physical 
characteristics, such as those used by Department for Transport (2007) and MVA 
Consultancy (2010) are impractical. 
4. Behavioural models of pedestrian-vehicle interaction, based on observable variables 
are limited in their performance. Research demonstrated that up to 42% of the variance 
in vehicle yielding, and 50% of the variance in pedestrian gap acceptance behaviour 
can be accounted for by observable variables. These findings support existing research 
into pedestrian-vehicle interactions (e.g. Schroder and Rouphail, 2011), and indicate 
that unobserved sources of variation are high when it comes to vehicle and pedestrian 
behaviour. 
5. Shared space schemes can have both a physical, and a psychological traffic calming 
effect. The shared space implementation in Acorn Road both narrowed the roadway, 
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and reduced the demarcation between vehicle and pedestrian space, creating 
uncertainty, and reducing vehicle speeds.  
6. One-way streets have been associated with higher vehicle speeds, due to the removal 
of the 'friction' that motorists experience from oncoming traffic. The results from this 
study demonstrate that shared space implementations can help to moderate vehicle 
speed in one-way conversions. 
7. Whilst shared space schemes can help to nullify some of the negative effects of 
vehicle traffic, on their own they may not be enough to stimulate the commercial 
function of high streets. The reduction in vehicle dominance engendered by shared 
space implementations can establish the foundation for successful mixed-use high 
streets, however in order to capitalise on this traffic calming effect, the development of 
the retail environment should be prioritised.   
8. Age and gender can affect the willingness of pedestrians to share the road space with 
vehicles. Females were significantly less likely to accept a gap in the traffic in Holbein 
Place than males, and this finding was supported by the attitudinal analysis which 
demonstrated that females had diminished perceptions of vehicle traffic in Acorn Road. 
This supports existing literature, and indicates that females feel less comfortable 
interacting with vehicles in shared and non-shared road environments. The 
development of Acorn Road had a positive effect on the perceptions of older people 
however, with improved attitudes towards vehicle traffic. This suggests that shared 
space implementations may be an appropriate measure in areas with high elderly 
populations, in order to help improve the convenience of local high streets.  
10.2 Suggestions for Future Work 
This thesis makes a significant contribution to knowledge by the design of a range of 
direct observation and questionnaire survey methods that examine the effect of shared 
space on attitudes and behaviour. Having implemented these methods in several shared 
space schemes, and identified the key findings from this research; a number of limitations 
have become apparent that provide a basis for future work. These include: 
1. The timing of the observational and attitudinal data collection in Acorn Road. The 
majority of the Acorn Road before data was collected in the summer months, and 
the after data was collected in the spring months. The inconsistent weather 
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conditions between the two data collection periods may have affected attitudes and 
behaviour, and influenced the validity of the findings. Furthermore, the after 
surveys of attitudes, crossing behaviour and vehicle flow were conducted 
relatively soon after the construction was completed. This may have a bearing on 
the results, as new road layouts typically have a 'settling-down' period which may 
not be reflective of long-term behaviour. Future behavioural research should 
compare the results with a subsequent after-study, where pedestrians and drivers 
have become more accustomed to the new layout of Acorn Road. 
2. Aspects of the observational research required a level of subjectivity. For example, 
the observational analysis of crossing behaviour in Acorn Road was subject to the 
effects of parallax error, which is likely to have reduced the accuracy of angle, 
speed and location measurements. In order to reduce inaccuracies, the same 
observer was used in all observational analysis, however the precision of the 
investigations remains a limitation of this work. More accurate measurements of 
both vehicle and pedestrian movement can be obtained by top-down positioning of 
cameras, and future research into shared space performance should examine the 
use of other camera set-ups. 
3. Several key variables were not measured in the yielding and gap acceptance 
analysis. The most significant was vehicle speed, which has been proven to 
influence these behaviours. Vehicle speed was not analysed in this research due to 
the impracticalities of data collection, but future work should examine the 
possibility of incorporating vehicle dynamics into both the yielding and gap 
acceptance models. 
4. The accuracy of the Acorn Road survey samples. Both the before and after surveys 
had inaccurate samples of occupation, and the after survey had an inaccurate 
sample of ethnicity, compared to census data for Newcastle upon Tyne. This has 
implications for the transferability of the findings to other shared space 
implementations, as it suggests that the sample may not be completely 
representative of the target population. Future research into shared space should 
aim to produce more accurate samples of user demographics. 
5. The findings of this thesis are limited to five shared space sites in the UK. The 
research has demonstrated that the term 'shared space' can be applied to a broad 
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range of road environments. Future research should, therefore examine whether 
the findings are applicable to a wider variety of shared space schemes, in a variety 
of countries, with different design and traffic characteristics. 
6. It is difficult to separate the effects of the reduction in vehicle flow and 
introduction of elements of shared space on the performance of Acorn Road. 
Research has indicated that both reductions in vehicle volume, and the reduction in 
demarcation between vehicle and pedestrian space can have a positive effect on 
behaviour and attitudes, and it is likely that both these factors contributed to the 
success of the Acorn Road development. Future research should identify shared 
space implementations with a greater degree of uniformity between before and 
after traffic flows, in order to isolate the influence of shared space design. 
7. The effect of shared space on cyclists has been neglected in this study. Cyclists 
were completely excluded from the yielding analysis, and though several cyclist-
related questions were included in the attitudinal survey, the movement and 
interaction of cyclists was not observed in Acorn Road. Cyclist use of shared space 
is an under-researched area, and further work should focus on extending this study 
to bicycle users. 
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Appendix 
Appendix 4A: Histogram to show vehicle speed in Blackett Street 
 
 Appendix 4B: Histogram to show vehicle speed in Seven Dials 
 
Appendix 4C: Histogram to show vehicle speed in Holbein Place 
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Appendix 4D: Tests of normality of the distribution of vehicle speeds  
Sample Skewness 
value 
Kurtosis 
value 
K-S 
Stat. 
K-S 
Sig. 
S-W 
Stat. 
S-W 
Sig. 
df 
Blackett 
Street 
-.464 .421 .078 .028 .978 .018 148 
Seven 
Dials 
-.120 .398 .046 .200 .993 .851 114 
Holbein 
Place 
.374 1.019 .103 .000 .974 .001 216 
 
Appendix 4E: Histogram to show PET in Seven Dials 
 
 
 
Appendix 4F: Histogram to show PET in Holbein Place 
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Appendix 4G: Histogram to show PET in Blackett Street 
 
 
 
Appendix 4H: Tests of normality of the distribution of PET 
Site Skewness Kurtosis K-S 
Stat. 
K-S Sig. S-W Stat. S-W Sig. df 
Blackett 
Street 
.291 .822 .098 .200 .980 .797 33 
Seven 
Dials 
-.026 .994 .115 .200 .972 .701 25 
Holbein 
Place 
.261 -.588 .069 .200 .982 .194 97 
 
 Appendix 4I: Scatter graph to show the correlation between PET and vehicle speed in Seven 
Dials 
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Appendix 4J: Scatter graph to show the correlation between PET and vehicle speed in 
Holbein Place 
  
 
 
Appendix 4K: Scatter graph to show the correlation between PET and vehicle speed in 
Blackett Street 
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Appendix 5A: Position of video cameras in Acorn Road 
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Appendix 6A: Bar charts of the distribution of Likert scores in the attitudinal statements 
before development 
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Appendix 6B: Tests of normality of the distribution of Likert scores in the attitudinal statements before development 
 
Statement Skewness value Kurtosis value K-S Stat. K-S Sig. S-W Stat. S-W Sig. df 
1. Acorn Road is a noisy street  .116 -.540 0.143 .000 .948 .000 499 
2. I feel safe crossing the road .332 -1.027 0.162 .000 .916 .000 499 
3. It is not safe to leave your bicycle  -.324 -1.075 0.182 .000 .912 .000 324 
4. Whilst chatting to friends in Acorn Road I feel safe  2.198 4.507 0.300 .000 .639 .000 486 
5. Acorn Road is poorly-suited for disabled people  .333 -.832 0.149 .000 .926 .000 451 
6. Traffic congestion is a major problem  1.118 .143 0.240 .000 .792 .000 497 
7. Drivers are very inconsiderate to pedestrians  .325 -.889 0.146 .000 .925 .000 495 
8. Pedestrian crossings are located conveniently  -.427 -1.079 0.183 .000 .892 .000 492 
9. Acorn Road is a thriving retail area  .951 .227 0.217 .000 .859 .000 497 
10. The footpaths are wide enough for pedestrians  1.217 .502 0.266 .000 .803 .000 500 
11. Cyclists are safe on Acorn Road  -.203 -.990 0.132 .000 .931 .000 436 
12. Pedestrians and cyclists are considerate to each other  .276 -.780 0.142 .000 .935 .000 463 
13. I’d use Acorn Road more if there was less traffic  -.263 -1.374 0.181 .000 .863 .000 484 
14. Pedestrians and vehicles are considerate to each other  -.034 -1.036 0.112 .000 .935 .000 495 
15. Vehicles travel too fast  .178 -1.118 0.149 .000 .924 .000 498 
16. Cyclists and vehicles are considerate to each other  -.034 -.775 0.148 .000 .945 .000 452 
17. I often stop to talk to friends and family on Acorn Road  .380 -1.185 0.164 .000 .889 .000 478 
18. Acorn Road is quiet during the night  .292 -.784 0.140 .000 .935 .000 381 
19. Antisocial behaviour is a major problem on Acorn Road  -.806 -.118 0.224 .000 .884 .000 425 
20. Acorn Road is an attractive place to visit  .636 -.270 0.176 .000 .912 .000 496 
21. Parked cars make it very difficult to cross Acorn Road  .472 -1.115 0.190 .000 .881 .000 499 
22. Acorn Road does not meet my everyday shopping needs  -.624 -.917 0.232 .000 .867 .000 494 
23. I find the traffic fumes unpleasant  -.327 -1.129 0.179 .000 .902 .000 486 
24. There are not enough parking spaces on Acorn Road  .539 -1.206 0.220 .000 .837 .000 476 
25. Acorn Road has a calm atmosphere  .248 -.864 0.160 .000 .938 .000 499 
26. I feel safe walking around Acorn Road  1.505 1.867 0.252 .000 .766 .000 500 
27. I trust drivers to slow down when I cross Acorn Road  .079 -1.205 0.137 .000 .924 .000 499 
28. Acorn Road is a clean street  .509 -.356 0.176 .000 .929 .000 500 
29. There are not enough green spaces on Acorn Road .558 -.765 0.176 .000 .893 .000 487 
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Appendix 6C: The inter-correlation between the Likert Scale values for the 29 attitudinal statements before development 
 
noisy safecross biketheft safechat disabled
congestio
n
driversinc
onsidpeds
pedcrossi
ngs thriving footpaths cyclesafe
pedscyclis
tsconsid lesstraffic
pedsvehicl
esconsid
vehiclesfa
st
Correlation 
Coefficient
1.000 -.191
**
.121
*
-.143
**
.293
**
.350
**
.264
**
-.177
** -.014 -.096
*
-.257
** -.084 .158
**
-.201
**
.223
**
Sig. (2-tailed) .000 .030 .002 .000 .000 .000 .000 .761 .031 .000 .070 .001 .000 .000
N 499 498 324 485 451 496 494 491 496 499 436 462 484 494 497
Correlation 
Coefficient
-.191
** 1.000 -.158
**
.332
**
-.325
**
-.364
**
-.345
**
.335
** .036 .295
**
.466
**
.300
**
-.259
**
.437
**
-.371
**
Sig. (2-tailed) .000 .004 .000 .000 .000 .000 .000 .426 .000 .000 .000 .000 .000 .000
N 498 499 323 485 450 497 495 491 496 499 435 463 484 495 498
Correlation 
Coefficient .121
*
-.158
** 1.000 -.137
*
.168
**
.197
**
.216
** -.024 .102 -.101 -.213
** -.079 .100 -.173
**
.201
**
Sig. (2-tailed) .030 .004 .014 .003 .000 .000 .664 .067 .071 .000 .164 .077 .002 .000
N 324 323 324 320 303 323 320 320 323 324 316 316 315 320 322
Correlation 
Coefficient
-.143
**
.332
**
-.137
* 1.000 -.128
**
-.113
*
-.154
** .066 .173
**
.300
**
.108
*
.199
**
-.186
**
.189
** -.081
Sig. (2-tailed) .002 .000 .014 .007 .013 .001 .148 .000 .000 .027 .000 .000 .000 .075
N 485 485 320 486 440 483 481 480 485 486 425 454 470 482 484
Correlation 
Coefficient
.293
**
-.325
**
.168
**
-.128
** 1.000 .412
**
.402
**
-.252
**
.101
*
-.187
**
-.321
**
-.136
**
.253
**
-.205
**
.296
**
Sig. (2-tailed) .000 .000 .003 .007 .000 .000 .000 .032 .000 .000 .005 .000 .000 .000
N 451 450 303 440 451 448 448 444 449 451 405 428 438 449 450
Correlation 
Coefficient
.350
**
-.364
**
.197
**
-.113
*
.412
** 1.000 .473
**
-.275
**
.134
**
-.090
*
-.425
**
-.160
**
.385
**
-.320
**
.314
**
Sig. (2-tailed) .000 .000 .000 .013 .000 .000 .000 .003 .046 .000 .001 .000 .000 .000
N 496 497 323 483 448 497 493 489 494 497 434 461 482 493 496
Correlation 
Coefficient
.264
**
-.345
**
.216
**
-.154
**
.402
**
.473
** 1.000 -.194
** .034 -.097
*
-.297
**
-.231
**
.248
**
-.440
**
.432
**
Sig. (2-tailed) .000 .000 .000 .001 .000 .000 .000 .456 .031 .000 .000 .000 .000 .000
N 494 495 320 481 448 493 495 487 492 495 432 460 480 492 494
Correlation 
Coefficient
-.177
**
.335
** -.024 .066 -.252
**
-.275
**
-.194
** 1.000 .033 .166
**
.333
**
.210
**
-.197
**
.321
**
-.297
**
Sig. (2-tailed) .000 .000 .664 .148 .000 .000 .000 .470 .000 .000 .000 .000 .000 .000
N 491 491 320 480 444 489 487 492 489 492 431 457 476 487 490
Correlation 
Coefficient
-.014 .036 .102 .173
**
.101
*
.134
** .034 .033 1.000 .248
** -.057 .141
** -.027 .074 .077
Sig. (2-tailed) .761 .426 .067 .000 .032 .003 .456 .470 .000 .239 .002 .554 .099 .086
N 496 496 323 485 449 494 492 489 497 497 434 463 481 493 495
congestio
n
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cyclistsvehi
clesconsid talk quietnight antisocial attractive
parkedcar
s
shoppingn
eeds fumes
parkingsp
aces calm
safewalkin
g drivertrust clean
greenspac
es
Correlation 
Coefficient
-.151
** -.012 -.108
*
.130
**
-.175
**
.266
**
.099
*
.194
** .075 -.301
**
-.194
**
-.204
**
-.163
**
.227
**
Sig. (2-tailed) .001 .798 .036 .007 .000 .000 .027 .000 .102 .000 .000 .000 .000 .000
N 451 477 381 424 495 498 493 485 475 498 499 498 499 486
Correlation 
Coefficient .284
** .010 .139
**
-.125
** .053 -.415
**
-.103
*
-.291
** -.046 .291
**
.355
**
.395
**
.213
**
-.234
**
Sig. (2-tailed) .000 .821 .007 .010 .239 .000 .022 .000 .312 .000 .000 .000 .000 .000
N 452 477 381 425 495 498 493 485 476 498 499 498 499 486
Correlation 
Coefficient
-.123
* -.023 -.058 .046 -.043 .207
** .024 .245
** -.054 -.051 -.161
**
-.130
* -.089 .166
**
Sig. (2-tailed) .029 .688 .343 .436 .442 .000 .669 .000 .342 .361 .004 .019 .111 .003
N 315 318 268 294 321 324 322 319 309 324 324 324 324 319
Correlation 
Coefficient
.103
*
.200
**
.191
**
-.199
**
.146
**
-.095
*
-.104
*
-.205
** .022 .144
**
.379
**
.151
**
.205
** -.077
Sig. (2-tailed) .030 .000 .000 .000 .001 .037 .022 .000 .640 .001 .000 .001 .000 .096
N 442 471 374 417 482 485 484 474 464 485 486 485 486 474
Correlation 
Coefficient
-.160
** -.047 -.052 .159
**
-.172
**
.363
** .048 .295
** -.005 -.255
**
-.262
**
-.255
**
-.214
**
.216
**
Sig. (2-tailed) .001 .329 .335 .002 .000 .000 .314 .000 .918 .000 .000 .000 .000 .000
N 415 433 348 389 447 451 446 441 432 450 451 450 451 440
Correlation 
Coefficient
-.196
** .011 -.086 .144
** -.040 .472
** .071 .282
**
.216
**
-.245
**
-.187
**
-.244
**
-.136
**
.218
**
Sig. (2-tailed) .000 .815 .093 .003 .378 .000 .115 .000 .000 .000 .000 .000 .002 .000
N 451 476 380 424 493 496 491 484 475 496 497 496 497 485
Correlation 
Coefficient
-.282
** .013 -.034 .221
** -.008 .395
** .058 .360
** .060 -.181
**
-.315
**
-.379
**
-.186
**
.263
**
Sig. (2-tailed) .000 .786 .515 .000 .867 .000 .202 .000 .193 .000 .000 .000 .000 .000
N 450 474 379 422 491 495 489 483 472 494 495 494 495 482
Correlation 
Coefficient .253
** .063 -.012 -.029 .104
*
-.240
** -.035 -.118
** .033 .242
**
.179
**
.278
**
.217
**
-.147
**
Sig. (2-tailed) .000 .175 .817 .555 .021 .000 .437 .010 .476 .000 .000 .000 .000 .001
N 446 471 378 422 488 491 487 478 469 491 492 491 492 482
Correlation 
Coefficient
.063 .191
**
.155
**
-.166
**
.258
** .063 -.271
** .009 .019 .083 .165
** .067 .104
* .072
Sig. (2-tailed) .179 .000 .002 .001 .000 .159 .000 .836 .684 .064 .000 .139 .020 .113
N 451 477 379 424 493 496 493 483 474 496 497 496 497 484
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noisy safecross biketheft safechat disabled
congestio
n
driversinc
onsidpeds
pedcrossi
ngs thriving footpaths cyclesafe
pedscyclis
tsconsid lesstraffic
pedsvehicl
esconsid
vehiclesfa
st
Correlation 
Coefficient
-.096
*
.295
** -.101 .300
**
-.187
**
-.090
*
-.097
*
.166
**
.248
** 1.000 .225
**
.272
**
-.298
**
.259
**
-.222
**
Sig. (2-tailed) .031 .000 .071 .000 .000 .046 .031 .000 .000 .000 .000 .000 .000 .000
N 499 499 324 486 451 497 495 492 497 500 436 463 484 495 498
Correlation 
Coefficient
-.257
**
.466
**
-.213
**
.108
*
-.321
**
-.425
**
-.297
**
.333
** -.057 .225
** 1.000 .391
**
-.227
**
.434
**
-.363
**
Sig. (2-tailed) .000 .000 .000 .027 .000 .000 .000 .000 .239 .000 .000 .000 .000 .000
N 436 435 316 425 405 434 432 431 434 436 436 417 426 431 434
Correlation 
Coefficient
-.084 .300
** -.079 .199
**
-.136
**
-.160
**
-.231
**
.210
**
.141
**
.272
**
.391
** 1.000 -.146
**
.434
**
-.252
**
Sig. (2-tailed) .070 .000 .164 .000 .005 .001 .000 .000 .002 .000 .000 .002 .000 .000
N 462 463 316 454 428 461 460 457 463 463 417 463 450 462 463
Correlation 
Coefficient
.158
**
-.259
** .100 -.186
**
.253
**
.385
**
.248
**
-.197
** -.027 -.298
**
-.227
**
-.146
** 1.000 -.200
**
.285
**
Sig. (2-tailed) .001 .000 .077 .000 .000 .000 .000 .000 .554 .000 .000 .002 .000 .000
N 484 484 315 470 438 482 480 476 481 484 426 450 484 480 483
Correlation 
Coefficient
-.201
**
.437
**
-.173
**
.189
**
-.205
**
-.320
**
-.440
**
.321
** .074 .259
**
.434
**
.434
**
-.200
** 1.000 -.333
**
Sig. (2-tailed) .000 .000 .002 .000 .000 .000 .000 .000 .099 .000 .000 .000 .000 .000
N 494 495 320 482 449 493 492 487 493 495 431 462 480 495 495
Correlation 
Coefficient .223
**
-.371
**
.201
** -.081 .296
**
.314
**
.432
**
-.297
** .077 -.222
**
-.363
**
-.252
**
.285
**
-.333
** 1.000
Sig. (2-tailed) .000 .000 .000 .075 .000 .000 .000 .000 .086 .000 .000 .000 .000 .000
N 497 498 322 484 450 496 494 490 495 498 434 463 483 495 498
Correlation 
Coefficient -.151
**
.284
**
-.123
*
.103
*
-.160
**
-.196
**
-.282
**
.253
** .063 .244
**
.354
**
.453
**
-.139
**
.554
**
-.235
**
Sig. (2-tailed) .001 .000 .029 .030 .001 .000 .000 .000 .179 .000 .000 .000 .003 .000 .000
N 451 452 315 442 415 451 450 446 451 452 413 432 441 452 452
Correlation 
Coefficient
-.012 .010 -.023 .200
** -.047 .011 .013 .063 .191
** .059 -.001 .011 -.101
* .069 .140
**
Sig. (2-tailed) .798 .821 .688 .000 .329 .815 .786 .175 .000 .197 .987 .823 .030 .133 .002
N 477 477 318 471 433 476 474 471 477 478 419 445 466 474 476
Correlation 
Coefficient -.108
*
.139
** -.058 .191
** -.052 -.086 -.034 -.012 .155
**
.216
** .087 .154
** -.037 .162
** -.053
Sig. (2-tailed) .036 .007 .343 .000 .335 .093 .515 .817 .002 .000 .108 .003 .479 .002 .301
N 381 381 268 374 348 380 379 378 379 381 346 364 369 379 380
Correlation 
Coefficient .130
**
-.125
** .046 -.199
**
.159
**
.144
**
.221
** -.029 -.166
**
-.134
** -.037 -.249
**
.174
**
-.182
**
.251
**
Sig. (2-tailed) .007 .010 .436 .000 .002 .003 .000 .555 .001 .006 .470 .000 .000 .000 .000
N 424 425 294 417 389 424 422 422 424 425 377 405 412 423 424
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cyclistsvehi
clesconsid talk quietnight antisocial attractive
parkedcar
s
shoppingn
eeds fumes
parkingsp
aces calm
safewalkin
g drivertrust clean
greenspac
es
Correlation 
Coefficient
.244
** .059 .216
**
-.134
**
.234
**
-.183
**
-.171
**
-.321
** .060 .230
**
.331
**
.232
**
.256
**
-.117
**
Sig. (2-tailed) .000 .197 .000 .006 .000 .000 .000 .000 .189 .000 .000 .000 .000 .010
N 452 478 381 425 496 499 494 486 476 499 500 499 500 487
Correlation 
Coefficient
.354
** -.001 .087 -.037 .100
*
-.469
**
-.109
*
-.304
** .002 .378
**
.278
**
.439
**
.225
**
-.169
**
Sig. (2-tailed) .000 .987 .108 .470 .037 .000 .024 .000 .974 .000 .000 .000 .000 .000
N 413 419 346 377 433 436 431 427 416 435 436 435 436 427
Correlation 
Coefficient
.453
** .011 .154
**
-.249
**
.166
**
-.192
**
-.184
**
-.233
**
.111
*
.252
**
.254
**
.363
**
.358
** -.077
Sig. (2-tailed) .000 .823 .003 .000 .000 .000 .000 .000 .019 .000 .000 .000 .000 .102
N 432 445 364 405 459 462 461 451 442 462 463 463 463 452
Correlation 
Coefficient
-.139
**
-.101
* -.037 .174
** -.065 .338
**
.121
**
.314
** .049 -.177
**
-.265
**
-.185
**
-.118
**
.219
**
Sig. (2-tailed) .003 .030 .479 .000 .156 .000 .008 .000 .290 .000 .000 .000 .010 .000
N 441 466 369 412 480 483 479 473 463 483 484 483 484 471
Correlation 
Coefficient
.554
** .069 .162
**
-.182
**
.091
*
-.328
**
-.203
**
-.224
** .042 .312
**
.345
**
.566
**
.278
**
-.217
**
Sig. (2-tailed) .000 .133 .002 .000 .044 .000 .000 .000 .361 .000 .000 .000 .000 .000
N 452 474 379 423 491 494 490 481 474 494 495 494 495 482
Correlation 
Coefficient
-.235
**
.140
** -.053 .251
** .039 .335
** .078 .363
** .025 -.249
**
-.218
**
-.398
**
-.210
**
.222
**
Sig. (2-tailed) .000 .002 .301 .000 .387 .000 .083 .000 .587 .000 .000 .000 .000 .000
N 452 476 380 424 494 497 492 484 475 497 498 497 498 485
Correlation 
Coefficient
1.000 .051 .056 -.128
* .078 -.253
**
-.175
**
-.193
** .033 .203
**
.162
**
.405
**
.304
**
-.105
*
Sig. (2-tailed) .283 .294 .011 .100 .000 .000 .000 .489 .000 .001 .000 .000 .027
N 452 437 357 391 448 452 449 441 436 451 452 451 452 442
Correlation 
Coefficient
.051 1.000 .031 -.052 .211
** .079 -.101
* -.014 -.050 .018 .136
**
.123
** .073 .021
Sig. (2-tailed) .283 .552 .290 .000 .086 .028 .756 .289 .694 .003 .007 .109 .653
N 437 478 368 411 474 478 475 466 457 477 478 477 478 466
Correlation 
Coefficient
.056 .031 1.000 -.385
**
.169
** -.066 -.142
**
-.114
* .050 .282
**
.215
**
.154
**
.181
** -.082
Sig. (2-tailed) .294 .552 .000 .001 .197 .006 .028 .338 .000 .000 .003 .000 .113
N 357 368 381 366 377 381 378 373 365 380 381 380 381 375
Correlation 
Coefficient
-.128
* -.052 -.385
** 1.000 -.144
**
.141
**
.173
**
.255
** -.071 -.191
**
-.232
**
-.237
**
-.270
** .004
Sig. (2-tailed) .011 .290 .000 .003 .004 .000 .000 .153 .000 .000 .000 .000 .927
N 391 411 366 425 421 424 423 414 407 424 425 424 425 418
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noisy safecross biketheft safechat disabled
congestio
n
driversinc
onsidpeds
pedcrossi
ngs thriving footpaths cyclesafe
pedscyclis
tsconsid lesstraffic
pedsvehicl
esconsid
vehiclesfa
st
Correlation 
Coefficient -.175
** .053 -.043 .146
**
-.172
** -.040 -.008 .104
*
.258
**
.234
**
.100
*
.166
** -.065 .091
* .039
Sig. (2-tailed) .000 .239 .442 .001 .000 .378 .867 .021 .000 .000 .037 .000 .156 .044 .387
N 495 495 321 482 447 493 491 488 493 496 433 459 480 491 494
Correlation 
Coefficient .266
**
-.415
**
.207
**
-.095
*
.363
**
.472
**
.395
**
-.240
** .063 -.183
**
-.469
**
-.192
**
.338
**
-.328
**
.335
**
Sig. (2-tailed) .000 .000 .000 .037 .000 .000 .000 .000 .159 .000 .000 .000 .000 .000 .000
N 498 498 324 485 451 496 495 491 496 499 436 462 483 494 497
Correlation 
Coefficient
.099
*
-.103
* .024 -.104
* .048 .071 .058 -.035 -.271
**
-.171
**
-.109
*
-.184
**
.121
**
-.203
** .078
Sig. (2-tailed) .027 .022 .669 .022 .314 .115 .202 .437 .000 .000 .024 .000 .008 .000 .083
N 493 493 322 484 446 491 489 487 493 494 431 461 479 490 492
Correlation 
Coefficient
.194
**
-.291
**
.245
**
-.205
**
.295
**
.282
**
.360
**
-.118
** .009 -.321
**
-.304
**
-.233
**
.314
**
-.224
**
.363
**
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .010 .836 .000 .000 .000 .000 .000 .000
N 485 485 319 474 441 484 483 478 483 486 427 451 473 481 484
Correlation 
Coefficient
.075 -.046 -.054 .022 -.005 .216
** .060 .033 .019 .060 .002 .111
* .049 .042 .025
Sig. (2-tailed) .102 .312 .342 .640 .918 .000 .193 .476 .684 .189 .974 .019 .290 .361 .587
N 475 476 309 464 432 475 472 469 474 476 416 442 463 474 475
Correlation 
Coefficient
-.301
**
.291
** -.051 .144
**
-.255
**
-.245
**
-.181
**
.242
** .083 .230
**
.378
**
.252
**
-.177
**
.312
**
-.249
**
Sig. (2-tailed) .000 .000 .361 .001 .000 .000 .000 .000 .064 .000 .000 .000 .000 .000 .000
N 498 498 324 485 450 496 494 491 496 499 435 462 483 494 497
Correlation 
Coefficient -.194
**
.355
**
-.161
**
.379
**
-.262
**
-.187
**
-.315
**
.179
**
.165
**
.331
**
.278
**
.254
**
-.265
**
.345
**
-.218
**
Sig. (2-tailed) .000 .000 .004 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000
N 499 499 324 486 451 497 495 492 497 500 436 463 484 495 498
Correlation 
Coefficient -.204
**
.395
**
-.130
*
.151
**
-.255
**
-.244
**
-.379
**
.278
** .067 .232
**
.439
**
.363
**
-.185
**
.566
**
-.398
**
Sig. (2-tailed) .000 .000 .019 .001 .000 .000 .000 .000 .139 .000 .000 .000 .000 .000 .000
N 498 498 324 485 450 496 494 491 496 499 435 463 483 494 497
Correlation 
Coefficient
-.163
**
.213
** -.089 .205
**
-.214
**
-.136
**
-.186
**
.217
**
.104
*
.256
**
.225
**
.358
**
-.118
**
.278
**
-.210
**
Sig. (2-tailed) .000 .000 .111 .000 .000 .002 .000 .000 .020 .000 .000 .000 .010 .000 .000
N 499 499 324 486 451 497 495 492 497 500 436 463 484 495 498
Correlation 
Coefficient
.227
**
-.234
**
.166
** -.077 .216
**
.218
**
.263
**
-.147
** .072 -.117
**
-.169
** -.077 .219
**
-.217
**
.222
**
Sig. (2-tailed) .000 .000 .003 .096 .000 .000 .000 .001 .113 .010 .000 .102 .000 .000 .000
N 486 486 319 474 440 485 482 482 484 487 427 452 471 482 485
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cyclistsvehi
clesconsid talk quietnight antisocial attractive
parkedcar
s
shoppingn
eeds fumes
parkingsp
aces calm
safewalkin
g drivertrust clean
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es
Correlation 
Coefficient
.078 .211
**
.169
**
-.144
** 1.000 -.042 -.190
** -.083 .057 .325
**
.237
** .073 .369
** -.042
Sig. (2-tailed) .100 .000 .001 .003 .349 .000 .067 .216 .000 .000 .107 .000 .356
N 448 474 377 421 496 495 490 483 472 495 496 495 496 483
Correlation 
Coefficient
-.253
** .079 -.066 .141
** -.042 1.000 .092
*
.344
** .083 -.299
**
-.233
**
-.368
**
-.114
*
.261
**
Sig. (2-tailed) .000 .086 .197 .004 .349 .042 .000 .069 .000 .000 .000 .011 .000
N 452 478 381 424 495 499 493 485 475 498 499 498 499 486
Correlation 
Coefficient
-.175
**
-.101
*
-.142
**
.173
**
-.190
**
.092
* 1.000 .175
** .005 -.134
**
-.200
**
-.132
**
-.153
** .072
Sig. (2-tailed) .000 .028 .006 .000 .000 .042 .000 .917 .003 .000 .003 .001 .115
N 449 475 378 423 490 493 494 481 472 493 494 493 494 482
Correlation 
Coefficient
-.193
** -.014 -.114
*
.255
** -.083 .344
**
.175
** 1.000 -.020 -.213
**
-.317
**
-.244
**
-.270
**
.258
**
Sig. (2-tailed) .000 .756 .028 .000 .067 .000 .000 .672 .000 .000 .000 .000 .000
N 441 466 373 414 483 485 481 486 464 485 486 486 486 475
Correlation 
Coefficient
.033 -.050 .050 -.071 .057 .083 .005 -.020 1.000 .020 .054 -.022 .100
*
.093
*
Sig. (2-tailed) .489 .289 .338 .153 .216 .069 .917 .672 .667 .239 .631 .028 .045
N 436 457 365 407 472 475 472 464 476 475 476 475 476 466
Correlation 
Coefficient .203
** .018 .282
**
-.191
**
.325
**
-.299
**
-.134
**
-.213
** .020 1.000 .340
**
.279
**
.341
**
-.153
**
Sig. (2-tailed) .000 .694 .000 .000 .000 .000 .003 .000 .667 .000 .000 .000 .001
N 451 477 380 424 495 498 493 485 475 499 499 498 499 486
Correlation 
Coefficient
.162
**
.136
**
.215
**
-.232
**
.237
**
-.233
**
-.200
**
-.317
** .054 .340
** 1.000 .363
**
.264
**
-.126
**
Sig. (2-tailed) .001 .003 .000 .000 .000 .000 .000 .000 .239 .000 .000 .000 .005
N 452 478 381 425 496 499 494 486 476 499 500 499 500 487
Correlation 
Coefficient
.405
**
.123
**
.154
**
-.237
** .073 -.368
**
-.132
**
-.244
** -.022 .279
**
.363
** 1.000 .316
**
-.217
**
Sig. (2-tailed) .000 .007 .003 .000 .107 .000 .003 .000 .631 .000 .000 .000 .000
N 451 477 380 424 495 498 493 486 475 498 499 499 499 486
Correlation 
Coefficient
.304
** .073 .181
**
-.270
**
.369
**
-.114
*
-.153
**
-.270
**
.100
*
.341
**
.264
**
.316
** 1.000 -.074
Sig. (2-tailed) .000 .109 .000 .000 .000 .011 .001 .000 .028 .000 .000 .000 .105
N 452 478 381 425 496 499 494 486 476 499 500 499 500 487
Correlation 
Coefficient
-.105
* .021 -.082 .004 -.042 .261
** .072 .258
**
.093
*
-.153
**
-.126
**
-.217
** -.074 1.000
Sig. (2-tailed) .027 .653 .113 .927 .356 .000 .115 .000 .045 .001 .005 .000 .105
N 442 466 375 418 483 486 482 475 466 486 487 486 487 487
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Appendix 6D – Two component factor analysis before development 
 
Statement 
Factor 
1 2 
1. Pedestrians and vehicles are considerate to each other .729 .173 
2. Drivers are inconsiderate to pedestrians -.676 .053 
3. Cyclists are safe on Acorn Road .666 .134 
4. Parked cars make it very difficult to cross Acorn Road -.660 -.104 
5. Vehicles travel too fast -.643 -.071 
6. I trust drivers to slow down when I cross Acorn Road .636 .189 
7. I feel safe crossing the road .616 .236 
8. Traffic congestion is a major problem -.591 .000 
9. Cyclists and vehicles are considerate to each other .517 .155 
10. I would use Acorn Road more if there was less traffic -.507 -.106 
11. I find the traffic fumes unpleasant -.501 -.307 
12. I feel safe walking around Acorn Road .489 .406 
13. The pedestrian crossings are located conveniently .442 .100 
14. Acorn Road is poorly suited for disabled people -.415 -.282 
15. Pedestrians and cyclists are considerate to each other .398 .343 
16. Acorn Road is a noisy street -.368 -.197 
17. Acorn Road is quiet during the night -.119 .632 
18. Acorn Road is an attractive place to visit -.050 .614 
19. Acorn Road has a calm atmosphere .378 .548 
20. Antisocial behaviour is a major problem on Acorn Road -.061 -.547 
21. Acorn Road is a clean street .296 .508 
22. The footpaths are wide enough for pedestrians .393 .489 
23. Whilst chatting to friends in Acorn Road I feel safe .179 .312 
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Appendix 6E: Chi-squared test of the association between age groups in the survey and 
census sample before development 
Age  Census % Census 
Frequency 
Survey % Survey 
Frequency 
Chi ² Sig.  
18-24 21.8% 49293 23.0% 115 .518 
25-29 10.2% 22948 8.4% 42 .210 
30-34 8.0% 18053 6.2% 31 .163 
35-39 7.4% 16697 6.0% 30 .267 
40-44 7.6% 17222 5.8% 29 .155 
45-49 7.9% 17956 9.0% 45 .366 
50-54 7.4% 16629 11.4% 57 .001** 
55-59 6.4% 14367 7.2% 36 .414 
60-64 6.3% 14133 7.6% 38 .227 
65-69 4.6% 10289 8.2% 41 .000*** 
70-74 4.0% 9091 3.6% 18 .721 
75-79 3.5% 7857 1.5% 7 .011* 
80-84 2.7% 6000 1.0% 5 .017 
85-89 1.6% 3578 1.2% 6 .717 
90+ 0.8% 1904 0% 0 N/A 
Total 100% 226017 100% 500  
 
Note: * p<0.05 ** p<0.01 *** p<0.001  
Appendix 6F: Chi-squared test of the association between ethnicity in the survey and census 
sample before development 
Ethnic 
Group 
Census % Census 
Frequency 
Survey % Survey 
Frequency 
Chi ² Sig 
White 
British 
81.90% 229,520 84.60% 423 .132 
White 
Other 
3.70% 10,013 5.60% 28 .017* 
Mixed 1.60% 4279 2.00% 10 .359 
Asian 9.80% 27,107 5.40% 27 .001** 
Black 1.90% 5,160 1.40% 7 .616 
Other 1.40% 4,098 1.00% 5 .572 
Total 100% 280177 100% 500  
 
Note: * p<0.05 ** p<0.01 *** p<0.001  
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Appendix 6G: Chi-squared test of the association between occupation in the survey and 
census sample before development 
Occupation  Census % Census 
Frequency 
Survey % Survey 
Frequency 
Chi ² Sig.  
Managerial 4.5% 9556 8.8% 44 .000*** 
Professional & 
Technical 
17.5% 24317 24.8% 124 .000*** 
Administrative 6.3% 13505 3.2% 16 .004** 
Skilled Trades 5.3% 11237 3% 15 .025* 
Caring & Leisure 5% 10739 4.4% 22 .601 
Sales & Customer 
Service 
6.4% 13609 5% 25 .236 
Student 20.5% 43671 19.6% 98 .654 
Retired 11.5% 24571 20.4% 102 .000*** 
Unemployed 5% 10652 2.4% 12 .008** 
Other 11.8% 25192 2.8% 14 .000*** 
Self-Employed 6.2% 13132 5.6% 28 .701 
Total 100% 212864 100% 500  
 
Note: * p<0.05 ** p<0.01 *** p<0.001  
Appendix 6H: Chi-squared test of the association between gender in the survey and census 
sample before development 
Gender Census % Census 
Frequency 
Survey % Survey 
Frequency 
Chi ² Sig 
Male 50% 140226 50.4% 252 .893 
Female 50% 139951 49.6% 248 .893 
 
Note: * p<0.05 ** p<0.01 *** p<0.001
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Appendix 6I: Correlations between age and participant characteristics before development 
Participant 
Characteristic 
Walking 
frequency 
Driving 
frequency 
Cycling 
frequency 
Shopping 
frequency 
Meet friends and 
family frequency 
Personal 
business 
frequency 
Coefficient .035 -.206 .091 -.107 .046 -.166 
Sig. (2-tailed) .431 .000 .041 .017 .306 .000 
Number 500 500 500 500 500 500 
 
Participant 
Characteristic 
Leisure 
frequency 
Commute 
frequency 
Daytime 
visit 
frequency 
Night-time 
visit 
frequency 
Time spent 
in acorn 
road 
 Walk 
length to 
house 
Living time 
in local 
area 
Coefficient .162 .212 -.038 .370 .263 .072 .739 
Sig. (2-tailed) .000 .000 .403 .000 .000 .150 .000 
Number 500 500 500 500 500 403 376 
 
Appendix 6J: Mann-Whitney test of the variance in living time between students and other 
occupations before development 
M-W Test Statistic 3652.0 
r -0.570 
Sig. (2-tailed) 0.000 
Student mean rank 86 
Other occupations mean rank 221 
N 376 
 
Appendix 6K: Significant Mann-Whitney tests of the variance in attitudes between genders 
before development 
Statement 2.  5.  6.  7.  11.  12.  
M-W Test Statistic 25160.5 22581.5 26228.5 25367.5 16956.5 22931.5 
r -0.168 -0.098 -0.137 -0.151 -0.249 -0.126 
Sig. (2-tailed) 0.000 0.037 0.002 0.001 0.000 0.007 
Male mean rank 226 239 276 269 189 216 
Female mean rank 274 213 230 227 251 249 
N 499 451 497 495 436 463 
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Statement 13.  14.  15.  16.  21.  25.  27.  
M-W Test Statistic 26315.5 26099 23463.5 21604.5 24656.5 23038.5 27082 
r -0.089 -0.129 -0.213 -0.134 -0.183 -0.228 -0.114 
Sig. (2-tailed) 0.049 0.004 0.000 0.004 0.000 0.000 0.011 
Male mean rank 255 230 280 210 276 218 234 
Female mean rank 230 266 219 244 224 283 266 
N 484 495 498 452 499 499 499 
 
Appendix 6L: Significant Mann-Whitney tests of the variance in time and frequency questions 
and demographic characteristics between genders before development 
Characteristic 
Cycling 
frequency 
Personal 
business 
frequency 
Night-
time visit 
frequency 
Time spent 
in Acorn 
Road 
Living 
time in 
local area Age 
 
 
 
Postcode 
M-W Test Statistic 25802.5 25081.0 24569.0 26065.5 26789.0 27337.0 28594.0 
r -0.192 -0.175 -0.191 -0.157 -0.148 -0.109 -0.094 
Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.004 0.015 0.035 
Male mean rank 229 226 224 230 233 235 240 
Female mean rank 272 275 277 271 268 266 261 
N 500 500 500 500 376 500 500 
 
Appendix 6M: Significant Kruskal-Wallis tests of the variance in attitudes between ethnicities 
before development 
Statement Test Statistic Degrees of 
Freedom  
Significance 
'I find the traffic fumes 
unpleasant' 
13.132 5 .022 
'I feel safe walking 
around Acorn Road' 
11.215 5 .047 
'Acorn Road is a clean 
street' 
20.084 5 .001 
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Appendix 6N: Significant pairwise comparisons of the variance in attitudes between 
ethnicities before development 
Statement Ethnicity1 (mean rank) - 
Ethnicity2 (mean rank) 
r Adjusted 
Significance 
'I find the traffic fumes 
unpleasant' 
White Other (171) - White 
British (252) 
.133 .022 
'Acorn Road is a clean 
street' 
Mixed (134) - White Other 
(329) 
.176 .001 
 
Appendix 6O: Significant Kruskal-Wallis tests of the variance in attitudes between 
occupations before development 
Statement Test Statistic Degrees of 
Freedom  
Significance 
'I feel safe crossing the road' 22.467 10 .013 
'Acorn Road is poorly suited for 
disabled people' 
24.291 10 .007 
'Traffic congestion is a major 
problem on Acorn Road' 
31.210 10 .001 
'Drivers are inconsiderate to 
pedestrians'  
22.648 10 .012 
'Acorn Road is a thriving retail 
area' 
27.840 10 .002 
'Cyclists are safe on Acorn Road'  25.338 10 .005 
'Pedestrians and cyclists are 
considerate to each other 
29.437 10 .001 
'Vehicles travel too fast' 35.194 10 .000 
'Cyclists and vehicles are 
considerate to each other' 
22.818 10 .011 
'Antisocial behaviour is a major 
problem on Acorn Road' 
19.996 10 .029 
'Parked cars make it very difficult 
to cross Acorn Road' 
22.178 10 .014 
'I find the traffic fumes 
unpleasant' 
29.013 10 .001 
'Acorn Road has a calm 
atmosphere' 
19.167 10 .038 
'I trust drivers to slow down 
when I cross Acorn Road'  
23.192 10 .010 
'Acorn Road is a clean street 33.914 10 .000 
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Appendix 6P: Significant pairwise comparisons of the variance in attitudes between 
occupations before development 
Statement Occupation1 (mean rank) - 
Occupation2 (mean rank) 
r Adjusted 
Sig. 
'I feel safe crossing the road' Student (201) - Sales (321) .169 .009 
'Acorn Road is poorly suited for 
disabled people' 
Retired (205) - Student (270) .165 .024 
'Traffic congestion is a major 
problem on Acorn Road' 
Administrative (161) - Student 
(305) 
.170 .008 
'Traffic congestion is a major 
problem on Acorn Road' 
Managerial (219) - Student (305) .156 .027 
'Acorn Road is a thriving retail 
area' 
Retired (213) - Student (297) .193 .001 
'Acorn Road is a thriving retail 
area' 
Professional and Technical (232) - 
Student (297) 
.157 .025 
'Cyclists are safe on Acorn Road'  Student (169) - Professional and 
Technical (233) 
.175 .014 
'Pedestrians and cyclists are 
considerate to each other 
Student (173) - Professional and 
Technical (254) 
.205 .001 
'Pedestrians and cyclists are 
considerate to each other 
Student (173) - Retired (258)  -.206 .001 
'Vehicles travel too fast' Administrative (149) - Student 
(299) 
-.170 .008 
'Vehicles travel too fast' Administrative (149) - Unemployed 
(348) 
-.158 .023 
'Vehicles travel too fast' Caring and Leisure (184) - Student 
(299)  
-.153 .033 
'Vehicles travel too fast' Professional and Technical (230) - 
Student (297) 
-.163 .015 
'Vehicles travel too fast' Retired (231) - Student (299) .152 .038 
'Cyclists and vehicles are 
considerate to each other' 
Student (177) - Professional and 
Technical (244) 
.174 .012 
'Antisocial behaviour is a major 
problem on Acorn Road' 
Retired (182) - Student (248) .174 .018 
'I find the traffic fumes 
unpleasant' 
Retired (214) - Student (285) .162 .020 
'I trust drivers to slow down when 
I cross Acorn Road'  
Student (207) - Professional and 
Technical (273) 
.153 .034 
'Acorn Road is a clean street' Student (205) - Professional and 
Technical (273) 
.160 .019 
'Acorn Road is a clean street' Student (205) - Retired (290)  -.192 .001 
 
Appendix 6Q: Kruskal-Wallis test of the variance in age between different occupations before 
development 
Test Statistic Degrees of Freedom  Significance 
335.312 10 .000 
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Appendix 6R: Significant pairwise comparisons of the variance in age between students and 
other occupations before development 
Occupation1 (mean rank) - Occupation2 (mean rank) r Adjusted Sig. 
Student (72) - Sales (181) .152 .036 
Student (72) - Caring and Leisure (214)  .188 .001 
Student (72) - Skilled Trades (217) .164 .013 
 Student (72) - Managerial (254) .314 .000 
Student (72) - Professional and Technical (254) .422 .000 
Student (72) - Administrative (265) .224 .000 
Student (72) - Other Occupations (269) .216 .000 
Student (72) - Self-Employed (289) .318 .000 
Student (72) - Retired (435)  -.803 .000 
 
Appendix 6S: Kruskal-Wallis test of the variance in gender between different occupations 
before development 
Test Statistic Degrees of Freedom  Significance 
46.233 10 .000 
 
Appendix 6T: Significant pairwise comparisons of the variance in gender between students 
and other occupations before development 
Occupation1 (mean rank) - Occupation2 (mean rank) r Adjusted Sig. 
Student (218) - Caring and Leisure (342)  .188 .001 
Student (218) - Administrative (345) .168 .000 
Student (218) - Retired (281)  .158 .000 
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Appendix 6U: Acorn Road map before development (Sections 1-6) 
 
 
 
  
 
Appendix 6V: Acorn Road map before development (Sections 7-12) 
 
 
 
 
 
 
 
 
Appendix 6W: Acorn Road map before development (Sections 13-17) 
Section 1 
Parking Bays 
Section 2 Section 3 Section 4 Section 5 Section 6 
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Section 7 Section 8 Section 9 Section 10 Section 11 Section 12 
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Parking Bays 
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Appendix 6X: Bar chart to show the distribution of crossing angles in Acorn Road before 
development 
 
Appendix 6Y: Tests of normality of the distribution of pedestrian crossing angles in Acorn 
Road before development 
 
Skewness value Kurtosis value K-S Stat. K-S Sig. S-W Stat. S-W Sig. df 
.123 -1.166 .079 .000 .959 .000 1896 
 
Appendix 6Z: Chi-square test of the distribution of crossing volumes before development 
compared to a hypothetical even distribution  
Before 
Crossings 
Distribution 
Section 1 2 3 4 5 6 7 8 
Observed 
Volume 
187 36 25 92 44 17 26 38 
Expected 
Volume 
117.5 42 36.5 70 46 32.5 37 43 
Std. 
Residual 
6.4*** -0.9 -1.9 2.6** -0.3 -2.7** -1.8 -0.8 
Hypothetical 
Equal 
Crossings 
Distribution 
Section 1 2 3 4 5 6 7 8 
Observed 
Volume 
48 48 48 48 48 48 48 48 
Expected 
Volume 
117.5 42 36.5 70 46 32.5 37 43 
Std. 
Residual 
-6.4*** 0.9 1.9 -2.6** 0.3 2.7** 1.8 0.8 
 
Before 
Crossings 
Distribution 
Section 9 10 11 12 13 14 15 16 17 
Observed 
Volume 
24 24 14 11 61 31 60 42 84 
Expected 
Volume 36 36 31 29.5 54.5 39.5 54 45 66 
Std. 
Residual -2* -2* -3.1** -3.4*** 0.9 -1.4 0.8 -0.4 2.2* 
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Hypothetical 
Equal 
Crossings 
Distribution 
Section 9 10 11 12 13 14 15 16 17 
Observed 
Volume 
48 48 48 48 48 48 48 48 48 
Expected 
Volume 36 36 31 29.5 54.5 39.5 54 45 66 
Std. 
Residual 2* 2* 3.1** 3.4*** -0.9 1.4 -0.8 0.4 -2.2* 
 
* p<0.05 (Std. Residual outside of ±1.96)  
** p<0.01 (Std. Residual outside of ±2.58) 
*** p<0.001 (Std. Residual outside of ±3.29) 
Appendix 6AA: Histogram to show the distribution of crossing speeds before development 
 
Appendix 6AB: Tests of normality of the distribution of pedestrian crossing speeds before 
development  
 
Skewness value Kurtosis value K-S Stat. K-S Sig. S-W Stat. S-W Sig. df 
-.066 1.750 .043 .083 .982 .000 377 
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Appendix 7A: Bar charts to show the distribution of Likert scores in each attitudinal 
statement after development 
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Appendix 7B: Tests of normality of the distribution of Likert scores in the attitudinal statements 
 
Statement Skewness Kurtosis K-S Stat. K-S Sig. S-W Stat. S-W Sig. df 
1. Acorn Road is a noisy street  -.124 -.739 .128 .000 .941 .000 499 
2. I feel safe crossing the road 1.139 .627 .231 .000 .827 .000 500 
3. It is not safe to leave your bicycle  -.526 -.720 .169 .000 .890 .000 334 
4. Whilst chatting to friends in Acorn Road I feel safe  2.580 6.741 .368 .000 .570 .000 493 
5. Acorn Road is poorly-suited for disabled people  -.263 -1.079 .168 .000 .914 .000 465 
6. Traffic congestion is a major problem  .067 -1.113 .119 .000 .928 .000 498 
7. Drivers are very inconsiderate to pedestrians  -.059 -.957 .122 .000 .938 .000 496 
8. Pedestrian crossings are located conveniently  .170 -1.193 .146 .000 .912 .000 491 
9. Acorn Road is a thriving retail area  .927 -.021 .220 .000 .846 .000 500 
10. The footpaths are wide enough for pedestrians  2.463 5.892 .345 .000 .587 .000 500 
11. Cyclists are safe on Acorn Road  .381 -.942 .156 .000 .913 .000 455 
12. Pedestrians and cyclists are considerate to each other  .307 -.991 .159 .000 .917 .000 487 
13. I’d use Acorn Road more if there was less traffic  -.908 -.529 .268 .000 .787 .000 486 
14. Pedestrians and vehicles are considerate to each other  .169 -.815 .126 .000 .937 .000 497 
15. Vehicles travel too fast  -.033 -1.102 .131 .000 .927 .000 500 
16. Cyclists and vehicles are considerate to each other  -.094 -.769 .162 .000 .940 .000 468 
17. I often stop to talk to friends and family on Acorn Road  .316 -1.218 .159 .000 .891 .000 483 
18. Acorn Road is quiet during the night  .131 -.687 .140 .000 .943 .000 413 
19. Antisocial behaviour is a major problem on Acorn Road  -.844 -.324 .235 .000 .857 .000 465 
20. Acorn Road is an attractive place to visit  1.073 .687 .223 .000 .852 .000 500 
21. Parked cars make it very difficult to cross Acorn Road  -.319 -1.157 .176 .000 .902 .000 498 
22. Acorn Road does not meet my everyday shopping needs  -.672 -.907 .225 .000 .847 .000 496 
23. I find the traffic fumes unpleasant  -.745 -.645 .212 .000 .854 .000 496 
24. There are not enough parking spaces on Acorn Road  .069 -1.374 .152 .000 .891 .000 472 
25. Acorn Road has a calm atmosphere  .644 -.452 .188 .000 .899 .000 498 
26. I feel safe walking around Acorn Road  2.448 7.331 .342 .000 .632 .000 500 
27. I trust drivers to slow down when I cross Acorn Road  .389 -1.091 .157 .000 .898 .000 499 
28. Acorn Road is a clean street  1.438 1.963 .254 .000 .802 .000 500 
29. There are not enough green spaces on Acorn Road .348 -1.059 .138 .000 .900 .000 490 
 
 
 
Appendix 7C: The inter-correlation between the Likert Scale values for the 29 attitudinal statements after development 
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Correlation 
Coefficient
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**
-.188
**
.273
**
Sig. (2-tailed) .000 .018 .045 .002 .000 .000 .005 .019 .001 .000 .000 .000 .000 .000
N 499 499 333 492 464 497 495 490 499 499 454 486 485 496 499
Correlation 
Coefficient -.205
** 1.000 -.147
**
.334
**
-.113
*
-.163
**
-.269
**
.262
**
.110
*
.246
**
.401
**
.282
**
-.126
**
.295
**
-.224
**
Sig. (2-tailed) .000 .007 .000 .015 .000 .000 .000 .014 .000 .000 .000 .005 .000 .000
N 499 500 334 493 465 498 496 491 500 500 455 487 486 497 500
Correlation 
Coefficient
.130
*
-.147
** 1.000 -.129
*
.136
*
.154
**
.180
** -.105 -.089 -.122
*
-.193
**
-.163
**
.127
*
-.189
**
.122
*
Sig. (2-tailed) .018 .007 .019 .015 .005 .001 .057 .106 .026 .000 .003 .021 .001 .026
N 333 334 334 332 322 332 333 329 334 334 331 332 329 333 334
Correlation 
Coefficient
-.090
*
.334
**
-.129
* 1.000 -.162
** -.050 -.118
**
.155
**
.217
**
.340
**
.226
**
.257
**
-.140
**
.212
**
-.125
**
Sig. (2-tailed) .045 .000 .019 .000 .271 .009 .001 .000 .000 .000 .000 .002 .000 .006
N 492 493 332 493 459 491 489 485 493 493 450 481 479 490 493
Correlation 
Coefficient
.147
**
-.113
*
.136
*
-.162
** 1.000 .253
**
.236
** -.053 -.132
**
-.177
**
-.136
**
-.113
*
.139
**
-.134
**
.149
**
Sig. (2-tailed) .002 .015 .015 .000 .000 .000 .260 .004 .000 .005 .016 .003 .004 .001
N 464 465 322 459 465 464 463 459 465 465 431 454 454 463 465
Correlation 
Coefficient .276
**
-.163
**
.154
** -.050 .253
** 1.000 .367
**
-.132
** -.005 -.088 -.218
**
-.210
**
.226
**
-.257
**
.320
**
Sig. (2-tailed) .000 .000 .005 .271 .000 .000 .004 .903 .050 .000 .000 .000 .000 .000
N 497 498 332 491 464 498 494 489 498 498 453 485 484 495 498
Correlation 
Coefficient .321
**
-.269
**
.180
**
-.118
**
.236
**
.367
** 1.000 -.129
** -.083 -.163
**
-.319
**
-.294
**
.214
**
-.453
**
.444
**
Sig. (2-tailed) .000 .000 .001 .009 .000 .000 .004 .064 .000 .000 .000 .000 .000 .000
N 495 496 333 489 463 494 496 487 496 496 453 484 482 494 496
Correlation 
Coefficient -.127
**
.262
** -.105 .155
** -.053 -.132
**
-.129
** 1.000 .146
**
.192
**
.321
**
.257
**
-.094
*
.271
**
-.211
**
Sig. (2-tailed) .005 .000 .057 .001 .260 .004 .004 .001 .000 .000 .000 .040 .000 .000
N 490 491 329 485 459 489 487 491 491 491 448 480 477 488 491
Correlation 
Coefficient -.105
*
.110
* -.089 .217
**
-.132
** -.005 -.083 .146
** 1.000 .362
** .089 .112
*
-.100
*
.136
** -.049
Sig. (2-tailed) .019 .014 .106 .000 .004 .903 .064 .001 .000 .059 .014 .028 .002 .279
N 499 500 334 493 465 498 496 491 500 500 455 487 486 497 500
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Correlation 
Coefficient
-.148
** -.027 -.158
**
.224
**
-.143
**
.310
**
.142
**
.238
**
.156
**
-.294
**
-.176
**
-.259
**
-.179
**
.175
**
Sig. (2-tailed) .001 .556 .001 .000 .001 .000 .002 .000 .001 .000 .000 .000 .000 .000
N 467 482 413 465 499 497 495 495 472 497 499 498 499 489
Correlation 
Coefficient
.220
** .076 .127
**
-.156
**
.140
**
-.267
**
-.158
**
-.236
** -.072 .311
**
.356
**
.298
**
.230
** -.069
Sig. (2-tailed) .000 .094 .010 .001 .002 .000 .000 .000 .116 .000 .000 .000 .000 .128
N 468 483 413 465 500 498 496 496 472 498 500 499 500 490
Correlation 
Coefficient
-.192
** -.074 -.107 .212
** -.103 .043 .183
**
.144
**
.135
*
-.182
**
-.206
**
-.197
**
-.156
** .102
Sig. (2-tailed) .001 .180 .068 .000 .060 .433 .001 .008 .015 .001 .000 .000 .004 .064
N 325 325 290 318 334 333 330 333 321 333 334 333 334 329
Correlation 
Coefficient
.187
**
.152
** .065 -.211
**
.236
**
-.120
**
-.117
**
-.161
** .019 .240
**
.414
**
.187
**
.293
** -.081
Sig. (2-tailed)
.000 .001 .188 .000 .000 .008 .010 .000 .687 .000 .000 .000 .000 .075
N 463 478 410 460 493 491 489 489 465 491 493 492 493 483
Correlation 
Coefficient
-.112
* -.083 -.092 .159
**
-.188
**
.219
**
.100
*
.191
** .049 -.210
**
-.176
**
-.120
**
-.182
**
.104
*
Sig. (2-tailed) .019 .077 .070 .001 .000 .000 .032 .000 .300 .000 .000 .010 .000 .026
N 438 450 387 434 465 465 461 461 447 464 465 464 465 458
Correlation 
Coefficient -.247
** -.042 -.130
**
.168
** -.070 .282
**
.162
**
.190
**
.129
**
-.216
**
-.174
**
-.277
**
-.123
**
.161
**
Sig. (2-tailed)
.000 .356 .009 .000 .121 .000 .000 .000 .005 .000 .000 .000 .006 .000
N 466 481 411 463 498 496 494 494 471 496 498 497 498 489
Correlation 
Coefficient
-.332
**
-.107
*
-.180
**
.234
**
-.141
**
.383
**
.162
**
.279
** .087 -.250
**
-.230
**
-.432
**
-.192
**
.177
**
Sig. (2-tailed) .000 .019 .000 .000 .002 .000 .000 .000 .058 .000 .000 .000 .000 .000
N 466 480 410 464 496 495 492 492 470 494 496 495 496 486
Correlation 
Coefficient
.264
** .013 .131
** -.037 .146
**
-.205
**
-.114
* -.078 -.012 .249
**
.180
**
.186
**
.167
** -.049
Sig. (2-tailed) .000 .786 .008 .429 .001 .000 .012 .084 .794 .000 .000 .000 .000 .283
N 461 475 406 457 491 489 487 487 464 489 491 491 491 482
Correlation 
Coefficient .097
*
.140
** .029 -.015 .352
**
-.106
*
-.272
**
-.106
* -.058 .176
**
.300
** .085 .250
** -.025
Sig. (2-tailed) .036 .002 .558 .745 .000 .018 .000 .019 .206 .000 .000 .059 .000 .575
N 468 483 413 465 500 498 496 496 472 498 500 499 500 490
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Correlation 
Coefficient -.148
**
.246
**
-.122
*
.340
**
-.177
** -.088 -.163
**
.192
**
.362
** 1.000 .300
**
.158
**
-.263
**
.249
** -.070
Sig. (2-tailed) .001 .000 .026 .000 .000 .050 .000 .000 .000 .000 .000 .000 .000 .116
N 499 500 334 493 465 498 496 491 500 500 455 487 486 497 500
Correlation 
Coefficient -.181
**
.401
**
-.193
**
.226
**
-.136
**
-.218
**
-.319
**
.321
** .089 .300
** 1.000 .502
**
-.114
*
.393
**
-.273
**
Sig. (2-tailed) .000 .000 .000 .000 .005 .000 .000 .000 .059 .000 .000 .017 .000 .000
N 454 455 331 450 431 453 453 448 455 455 455 451 445 453 455
Correlation 
Coefficient
-.157
**
.282
**
-.163
**
.257
**
-.113
*
-.210
**
-.294
**
.257
**
.112
*
.158
**
.502
** 1.000 -.030 .450
**
-.270
**
Sig. (2-tailed) .000 .000 .003 .000 .016 .000 .000 .000 .014 .000 .000 .514 .000 .000
N 486 487 332 481 454 485 484 480 487 487 451 487 474 485 487
Correlation 
Coefficient .170
**
-.126
**
.127
*
-.140
**
.139
**
.226
**
.214
**
-.094
*
-.100
*
-.263
**
-.114
* -.030 1.000 -.208
**
.234
**
Sig. (2-tailed) .000 .005 .021 .002 .003 .000 .000 .040 .028 .000 .017 .514 .000 .000
N 485 486 329 479 454 484 482 477 486 486 445 474 486 483 486
Correlation 
Coefficient -.188
**
.295
**
-.189
**
.212
**
-.134
**
-.257
**
-.453
**
.271
**
.136
**
.249
**
.393
**
.450
**
-.208
** 1.000 -.388
**
Sig. (2-tailed) .000 .000 .001 .000 .004 .000 .000 .000 .002 .000 .000 .000 .000 .000
N 496 497 333 490 463 495 494 488 497 497 453 485 483 497 497
Correlation 
Coefficient
.273
**
-.224
**
.122
*
-.125
**
.149
**
.320
**
.444
**
-.211
** -.049 -.070 -.273
**
-.270
**
.234
**
-.388
** 1.000
Sig. (2-tailed) .000 .000 .026 .006 .001 .000 .000 .000 .279 .116 .000 .000 .000 .000
N 499 500 334 493 465 498 496 491 500 500 455 487 486 497 500
Correlation 
Coefficient -.148
**
.220
**
-.192
**
.187
**
-.112
*
-.247
**
-.332
**
.264
**
.097
*
.195
**
.418
**
.520
**
-.185
**
.549
**
-.265
**
Sig. (2-tailed) .001 .000 .001 .000 .019 .000 .000 .000 .036 .000 .000 .000 .000 .000 .000
N 467 468 325 463 438 466 466 461 468 468 440 463 457 466 468
Correlation 
Coefficient
-.027 .076 -.074 .152
** -.083 -.042 -.107
* .013 .140
**
.103
*
.111
* .076 -.074 .131
** .004
Sig. (2-tailed) .556 .094 .180 .001 .077 .356 .019 .786 .002 .024 .020 .099 .106 .004 .923
N 482 483 325 478 450 481 480 475 483 483 440 472 472 480 483
Correlation 
Coefficient
-.158
**
.127
** -.107 .065 -.092 -.130
**
-.180
**
.131
** .029 .195
**
.215
**
.203
** -.076 .187
**
-.159
**
Sig. (2-tailed)
.001 .010 .068 .188 .070 .009 .000 .008 .558 .000 .000 .000 .125 .000 .001
N 413 413 290 410 387 411 410 406 413 413 387 407 404 411 413
Correlation 
Coefficient
.224
**
-.156
**
.212
**
-.211
**
.159
**
.168
**
.234
** -.037 -.015 -.159
**
-.125
**
-.190
**
.230
**
-.166
**
.261
**
Sig. (2-tailed) .000 .001 .000 .000 .001 .000 .000 .429 .745 .001 .010 .000 .000 .000 .000
N 465 465 318 460 434 463 464 457 465 465 429 458 453 464 465
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Correlation 
Coefficient .195
**
.103
*
.195
**
-.159
**
.267
**
-.221
**
-.109
*
-.248
** .034 .320
**
.419
**
.154
**
.278
**
-.117
**
Sig. (2-tailed) .000 .024 .000 .001 .000 .000 .015 .000 .467 .000 .000 .001 .000 .009
N 468 483 413 465 500 498 496 496 472 498 500 499 500 490
Correlation 
Coefficient
.418
**
.111
*
.215
**
-.125
**
.199
**
-.173
**
-.123
**
-.178
** -.051 .332
**
.232
**
.396
**
.171
** -.085
Sig. (2-tailed) .000 .020 .000 .010 .000 .000 .009 .000 .288 .000 .000 .000 .000 .073
N 440 440 387 429 455 454 451 452 435 454 455 454 455 448
Correlation 
Coefficient .520
** .076 .203
**
-.190
**
.196
**
-.121
**
-.125
**
-.154
** -.066 .264
**
.247
**
.363
**
.179
** -.037
Sig. (2-tailed) .000 .099 .000 .000 .000 .008 .006 .001 .159 .000 .000 .000 .000 .413
N 463 472 407 458 487 485 483 484 460 485 487 486 487 479
Correlation 
Coefficient
-.185
** -.074 -.076 .230
** -.087 .330
**
.165
**
.305
** .023 -.151
**
-.261
**
-.156
**
-.157
**
.170
**
Sig. (2-tailed) .000 .106 .125 .000 .055 .000 .000 .000 .623 .001 .000 .001 .001 .000
N 457 472 404 453 486 484 483 484 461 484 486 485 486 476
Correlation 
Coefficient
.549
**
.131
**
.187
**
-.166
**
.202
**
-.333
**
-.177
**
-.265
** .057 .365
**
.247
**
.468
**
.200
**
-.123
**
Sig. (2-tailed) .000 .004 .000 .000 .000 .000 .000 .000 .218 .000 .000 .000 .000 .006
N 466 480 411 464 497 495 493 493 469 495 497 496 497 487
Correlation 
Coefficient -.265
** .004 -.159
**
.261
** -.055 .367
**
.153
**
.257
** -.030 -.264
**
-.203
**
-.448
**
-.201
**
.191
**
Sig. (2-tailed) .000 .923 .001 .000 .222 .000 .001 .000 .514 .000 .000 .000 .000 .000
N 468 483 413 465 500 498 496 496 472 498 500 499 500 490
Correlation 
Coefficient 1.000 .152
**
.178
**
-.192
**
.154
**
-.216
**
-.120
**
-.219
** -.052 .278
**
.198
**
.383
**
.169
** -.056
Sig. (2-tailed) .001 .000 .000 .001 .000 .010 .000 .270 .000 .000 .000 .000 .227
N 468 454 394 439 468 467 464 466 445 467 468 467 468 460
Correlation 
Coefficient .152
** 1.000 .085 .002 .198
** -.057 -.091
* -.012 .012 .155
**
.140
** .052 .040 .008
Sig. (2-tailed) .001 .086 .966 .000 .212 .046 .795 .802 .001 .002 .258 .385 .868
N 454 483 408 457 483 481 480 480 456 482 483 482 483 474
Correlation 
Coefficient
.178
** .085 1.000 -.276
**
.233
**
-.147
** -.029 -.164
** -.042 .261
**
.192
**
.100
*
.187
** -.021
Sig. (2-tailed) .000 .086 .000 .000 .003 .551 .001 .410 .000 .000 .043 .000 .672
N 394 408 413 409 413 411 413 410 392 412 413 412 413 408
Correlation 
Coefficient
-.192
** .002 -.276
** 1.000 -.155
**
.204
** .068 .266
** .021 -.254
**
-.307
**
-.195
**
-.256
**
.123
**
Sig. (2-tailed) .000 .966 .000 .001 .000 .145 .000 .667 .000 .000 .000 .000 .008
N 439 457 409 465 465 464 463 462 441 463 465 464 465 456
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noisy safecross biketheft safechat disabled
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Correlation 
Coefficient
-.143
**
.140
** -.103 .236
**
-.188
** -.070 -.141
**
.146
**
.352
**
.267
**
.199
**
.196
** -.087 .202
** -.055
Sig. (2-tailed) .001 .002 .060 .000 .000 .121 .002 .001 .000 .000 .000 .000 .055 .000 .222
N 499 500 334 493 465 498 496 491 500 500 455 487 486 497 500
Correlation 
Coefficient
.310
**
-.267
** .043 -.120
**
.219
**
.282
**
.383
**
-.205
**
-.106
*
-.221
**
-.173
**
-.121
**
.330
**
-.333
**
.367
**
Sig. (2-tailed) .000 .000 .433 .008 .000 .000 .000 .000 .018 .000 .000 .008 .000 .000 .000
N 497 498 333 491 465 496 495 489 498 498 454 485 484 495 498
Correlation 
Coefficient .142
**
-.158
**
.183
**
-.117
**
.100
*
.162
**
.162
**
-.114
*
-.272
**
-.109
*
-.123
**
-.125
**
.165
**
-.177
**
.153
**
Sig. (2-tailed) .002 .000 .001 .010 .032 .000 .000 .012 .000 .015 .009 .006 .000 .000 .001
N 495 496 330 489 461 494 492 487 496 496 451 483 483 493 496
Correlation 
Coefficient .238
**
-.236
**
.144
**
-.161
**
.191
**
.190
**
.279
** -.078 -.106
*
-.248
**
-.178
**
-.154
**
.305
**
-.265
**
.257
**
Sig. (2-tailed) .000 .000 .008 .000 .000 .000 .000 .084 .019 .000 .000 .001 .000 .000 .000
N 495 496 333 489 461 494 492 487 496 496 452 484 484 493 496
Correlation 
Coefficient .156
** -.072 .135
* .019 .049 .129
** .087 -.012 -.058 .034 -.051 -.066 .023 .057 -.030
Sig. (2-tailed) .001 .116 .015 .687 .300 .005 .058 .794 .206 .467 .288 .159 .623 .218 .514
N 472 472 321 465 447 471 470 464 472 472 435 460 461 469 472
Correlation 
Coefficient
-.294
**
.311
**
-.182
**
.240
**
-.210
**
-.216
**
-.250
**
.249
**
.176
**
.320
**
.332
**
.264
**
-.151
**
.365
**
-.264
**
Sig. (2-tailed) .000 .000 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000 .001 .000 .000
N 497 498 333 491 464 496 494 489 498 498 454 485 484 495 498
Correlation 
Coefficient -.176
**
.356
**
-.206
**
.414
**
-.176
**
-.174
**
-.230
**
.180
**
.300
**
.419
**
.232
**
.247
**
-.261
**
.247
**
-.203
**
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000
N 499 500 334 493 465 498 496 491 500 500 455 487 486 497 500
Correlation 
Coefficient
-.259
**
.298
**
-.197
**
.187
**
-.120
**
-.277
**
-.432
**
.186
** .085 .154
**
.396
**
.363
**
-.156
**
.468
**
-.448
**
Sig. (2-tailed) .000 .000 .000 .000 .010 .000 .000 .000 .059 .001 .000 .000 .001 .000 .000
N 498 499 333 492 464 497 495 491 499 499 454 486 485 496 499
Correlation 
Coefficient
-.179
**
.230
**
-.156
**
.293
**
-.182
**
-.123
**
-.192
**
.167
**
.250
**
.278
**
.171
**
.179
**
-.157
**
.200
**
-.201
**
Sig. (2-tailed) .000 .000 .004 .000 .000 .006 .000 .000 .000 .000 .000 .000 .001 .000 .000
N 499 500 334 493 465 498 496 491 500 500 455 487 486 497 500
Correlation 
Coefficient .175
** -.069 .102 -.081 .104
*
.161
**
.177
** -.049 -.025 -.117
** -.085 -.037 .170
**
-.123
**
.191
**
Sig. (2-tailed) .000 .128 .064 .075 .026 .000 .000 .283 .575 .009 .073 .413 .000 .006 .000
N 489 490 329 483 458 489 486 482 490 490 448 479 476 487 490
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Correlation 
Coefficient .154
**
.198
**
.233
**
-.155
** 1.000 -.155
**
-.186
**
-.164
** .004 .331
**
.268
**
.125
**
.397
** -.068
Sig. (2-tailed) .001 .000 .000 .001 .001 .000 .000 .928 .000 .000 .005 .000 .132
N 468 483 413 465 500 498 496 496 472 498 500 499 500 490
Correlation 
Coefficient -.216
** -.057 -.147
**
.204
**
-.155
** 1.000 .184
**
.434
** -.053 -.323
**
-.224
**
-.327
**
-.149
**
.227
**
Sig. (2-tailed) .000 .212 .003 .000 .001 .000 .000 .255 .000 .000 .000 .001 .000
N 467 481 411 464 498 498 494 494 471 496 498 497 498 488
Correlation 
Coefficient -.120
**
-.091
* -.029 .068 -.186
**
.184
** 1.000 .166
** .079 -.158
**
-.200
**
-.111
*
-.168
**
.122
**
Sig. (2-tailed) .010 .046 .551 .145 .000 .000 .000 .086 .000 .000 .013 .000 .007
N 464 480 413 463 496 494 496 493 470 494 496 495 496 486
Correlation 
Coefficient -.219
** -.012 -.164
**
.266
**
-.164
**
.434
**
.166
** 1.000 -.002 -.241
**
-.317
**
-.212
**
-.247
**
.252
**
Sig. (2-tailed) .000 .795 .001 .000 .000 .000 .000 .961 .000 .000 .000 .000 .000
N 466 480 410 462 496 494 493 496 468 494 496 495 496 487
Correlation 
Coefficient
-.052 .012 -.042 .021 .004 -.053 .079 -.002 1.000 .010 -.070 .026 .001 .011
Sig. (2-tailed) .270 .802 .410 .667 .928 .255 .086 .961 .826 .130 .566 .988 .811
N 445 456 392 441 472 471 470 468 472 470 472 471 472 463
Correlation 
Coefficient .278
**
.155
**
.261
**
-.254
**
.331
**
-.323
**
-.158
**
-.241
** .010 1.000 .371
**
.394
**
.427
**
-.097
*
Sig. (2-tailed) .000 .001 .000 .000 .000 .000 .000 .000 .826 .000 .000 .000 .033
N 467 482 412 463 498 496 494 494 470 498 498 497 498 488
Correlation 
Coefficient .198
**
.140
**
.192
**
-.307
**
.268
**
-.224
**
-.200
**
-.317
** -.070 .371
** 1.000 .285
**
.436
**
-.121
**
Sig. (2-tailed) .000 .002 .000 .000 .000 .000 .000 .000 .130 .000 .000 .000 .007
N 468 483 413 465 500 498 496 496 472 498 500 499 500 490
Correlation 
Coefficient
.383
** .052 .100
*
-.195
**
.125
**
-.327
**
-.111
*
-.212
** .026 .394
**
.285
** 1.000 .277
**
-.135
**
Sig. (2-tailed) .000 .258 .043 .000 .005 .000 .013 .000 .566 .000 .000 .000 .003
N 467 482 412 464 499 497 495 495 471 497 499 499 499 489
Correlation 
Coefficient .169
** .040 .187
**
-.256
**
.397
**
-.149
**
-.168
**
-.247
** .001 .427
**
.436
**
.277
** 1.000 -.008
Sig. (2-tailed) .000 .385 .000 .000 .000 .001 .000 .000 .988 .000 .000 .000 .866
N 468 483 413 465 500 498 496 496 472 498 500 499 500 490
Correlation 
Coefficient
-.056 .008 -.021 .123
** -.068 .227
**
.122
**
.252
** .011 -.097
*
-.121
**
-.135
** -.008 1.000
Sig. (2-tailed) .227 .868 .672 .008 .132 .000 .007 .000 .811 .033 .007 .003 .866
N 460 474 408 456 490 488 486 487 463 488 490 489 490 490
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Appendix 7D: Four component factor analysis after development 
 
Statement 
Factor 
1 2 3 4 
1. Cyclists and vehicles are considerate to each other .752 .059 -.135 .024 
2. Pedestrians and cyclists are considerate to each other .725 .120 .102 .171 
3. Pedestrians and vehicles are considerate to each other .708 .148 -.287 .015 
4. Cyclists are safe on Acorn Road .707 .257 -.048 .064 
5. I trust drivers to slow down when I cross Acorn Road .597 -.040 -.251 .314 
6. Drivers are inconsiderate to pedestrians -.463 .050 .429 -.241 
7. Pedestrian crossings are located conveniently .434 .339 .001 .031 
8. The footpaths are wide enough for pedestrians .081 .738 -.195 -.040 
9. Whilst chatting to friends in Acorn Road I feel safe .053 .597 -.100 .046 
10. Acorn Road is a thriving retail area .059 .577 .052 .095 
11. I feel safe walking around Acorn Road .041 .546 -.308 .339 
12. Acorn Road is an attractive place to visit .116 .481 .159 .384 
13. I feel safe crossing the road .339 .449 -.230 -.040 
14. Parked cars make it difficult to cross Acorn Road -.148 -.136 .702 -.087 
15. I would use Acorn Road more if there was less traffic -.005 -.142 .635 -.022 
16. I find the traffic fumes unpleasant -.096 -.186 .627 -.193 
17. Traffic congestion is a major problem -.337 .092 .442 -.239 
18. Vehicles travel too fast -.424 .132 .433 -.313 
19. Acorn Road is a clean street .083 .321 .005 .668 
20. Acorn Road is a noisy street -.160 .000 .244 -.556 
21. Antisocial behaviour is a major problem on Acorn Road -.013 .028 .301 -.523 
22. Acorn Road has a calm atmosphere .295 .379 -.084 .507 
 Cronbach’s Alpha α .796 .651 .673 .496 
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Appendix 7E: Five component factor analysis after development 
 
Statement 
Factor 
1 2 3 4 5 
1. Pedestrians and cyclists are considerate to each other .772 .096 .128 .129 -.158 
2. Cyclists and vehicles are considerate to each other .748 -.171 .067 .007 .028 
3. Cyclists are safe on Acorn Road .714 -.067 .230 .115 .057 
4. Pedestrians and vehicles are considerate to each other .677 -.335 .139 .037 .126 
5. I trust drivers to slow down when I cross Acorn Road .587 -.332 -.048 .210 -.139 
6. Pedestrian crossings are located conveniently .382 -.091 .169 .249 .368 
7. Parked cars make it difficult to cross Acorn Road -.065 .757 -.144 -.081 -.152 
8. I find the traffic fumes unpleasant -.080 .594 -.292 -.080 .163 
9. I would use Acorn Road more if there was less traffic .014 .573 -.284 .085 .105 
10. Traffic congestion is a major problem -.287 .536 .100 -.149 .026 
11. Vehicles travel too fast -.388 .527 .123 -.175 .126 
12. Drivers are inconsiderate to pedestrians -.426 .509 .042 -.143 .060 
13. The footpaths are wide enough for pedestrians .074 -.120 .701 .174 .222 
14. Whilst chatting to friends in Acorn Road I feel safe .118 .056 .690 .085 -.162 
15. I feel safe walking around Acorn Road .075 -.233 .587 .331 -.218 
16. I feel safe crossing the road .337 -.180 .465 .052 .107 
17. Acorn Road is a clean street .093 -.081 .172 .690 -.189 
18. Acorn Road is an attractive place to visit .071 .025 .197 .649 .285 
19. Acorn Road has a calm atmosphere .296 -.153 .258 .557 -.085 
20. Acorn Road is a noisy street -.122 .386 .115 -.502 .110 
21. Acorn Road is a thriving retail area .015 -.003 .374 .389 .379 
22. Antisocial behaviour is a major problem on Acorn Road -.097 .220 -.159 -.196 .713 
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Appendix 7F: Chi-squared test of the association between age groups in the after survey and 
census sample after development 
Age  Census % Census 
Frequency 
Survey % Survey 
Frequency 
Chi ² Sig.  
18-24 21.8% 49293 21.8% 109 .996 
25-29 10.2% 22948 7.6% 38 .067 
30-34 8.0% 18053 6.0% 30 .120 
35-39 7.4% 16697 4.6% 23 .019* 
40-44 7.6% 17222 6.0% 30 .208 
45-49 7.9% 17956 7.8% 39 .991 
50-54 7.4% 16629 10.2% 51 .018* 
55-59 6.4% 14367 6.6% 33 .793 
60-64 6.3% 14133 8.8% 44 .023* 
65-69 4.6% 10289 9.2% 46 .000*** 
70-74 4.0% 9091 5.6% 28 .081 
75-79 3.5% 7857 2.8% 14 .533 
80-84 2.7% 6000 1.2% 6 .049* 
85-89 1.6% 3578 1.2% 6 .717 
90+ 0.8% 1904 0.5% 2 N/A 
Total 100% 226017 100% 500  
 
Note: * p<0.05 ** p<0.01 *** p<0.001  
Appendix 7G: Chi-squared test of the association between ethnicity in the after survey and 
census sample after development 
Ethnic 
Group 
Census % Census 
Frequency 
Survey % Survey 
Frequency 
Chi ² Sig 
White 
British 
81.9% 229,520 
86.2% 431 
.014* 
White 
Other 
3.7% 10,013 
7.8% 39 
.000*** 
Mixed 1.6% 4279 
1.6% 8 
.854 
Asian 9.8% 27,107 
3.2% 16 
.000*** 
Black 1.9% 5,160 
0.6% 3 
.042* 
Other 1.4% 4,098 
0.6% 3 
.132 
Total 100% 280177 100% 500  
 
Note: * p<0.05 ** p<0.01 *** p<0.001 
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Appendix 7H: Chi-squared test of the association between occupation in the after survey and 
census sample after development 
Occupation  Census % Census 
Frequency 
Survey % Survey 
Frequency 
Chi ² Sig.  
Managerial 4.5% 9556 7.2% 36 .005** 
Professional & 
Technical 
17.5% 24317 24.8% 124 .000*** 
Administrative 6.3% 13505 4.4% 22 .086 
Skilled Trades 5.3% 11237 3.2% 16 .041* 
Caring & Leisure 5% 10739 2.2% 11 .004** 
Sales & Customer 
Service 
6.4% 13609 3.8% 19 .020* 
Student 20.5% 43671 20.8% 104 .872 
Retired 11.5% 24571 23.8% 119 .000*** 
Unemployed 5% 10652 1.4% 7 .000*** 
Other 11.8% 25192 3.0% 15 .000*** 
Self-Employed 6.2% 13132 5.4% 27 .570 
Total 100% 212864 100% 500  
 
Note: * p<0.05 ** p<0.01 *** p<0.001  
Appendix 7I: Chi-squared test of the association between gender in the after survey and 
census sample after development 
Gender Census % Census 
Frequency 
Survey % Survey 
Frequency 
Chi ² Sig 
Male 50% 140226 50% 250 1.000 
Female 50% 139951 50% 250 1.000 
Total 100% 280177 100% 500  
 
Note: * p<0.05 ** p<0.01 *** p<0.001 
 
Appendix 7J: Correlations between age and participant characteristics after development 
Participant 
Characteristic 
Walking 
frequency 
Driving 
frequency 
Cycling 
frequency 
Shopping 
frequency 
Meet friends 
and family 
frequency 
Personal 
business 
frequency 
Leisure 
frequency 
Coefficient .056 -.145
**
 .079 -.106
*
 .042 -.107
*
 .081 
Sig. (2-tailed) .208 .001 .077 .018 .346 .017 .069 
Number 500 500 500 500 500 500 500 
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Participant 
Characteristic 
Commute 
frequency 
Daytime visit 
frequency 
Night-
time visit 
frequency 
Time spent 
in acorn 
road 
 Walk length 
to house 
Living time in 
local area 
Coefficient .245
**
 -.028 .298
**
 .215
**
 .163
**
 .690
**
 
Sig. (2-tailed) .000 .529 .000 .000 .001 .000 
Number 500 500 500 500 384 383 
 
Appendix 7K: Mann-Whitney test of variance in living time between students and other 
occupations after development 
M-W Test Statistic 4329.5 
r -0.567 
Sig. (2-tailed) 0.000 
Student mean rank 94 
Other occupations mean rank 226 
N 383 
 
Appendix 7L: Mann-Whitney tests of variance in attitudes between genders after development 
Statement 1. 2. 5. 6. 7. 11. 12. 
M-W Test Statistic 27942.5 26196.5 23194 27069 27256 21845.5 26154 
r -0.090 -0.145 -0.124 -0.111 -0.100 -0.136 -0.103 
Sig. (2-tailed) 0.045 0.001 0.007 0.013 0.027 0.004 0.023 
Male mean rank 263 230 250 265 263 211 230 
Female mean rank 237 271 217 234 234 246 258 
N 499 500 465 498 496 455 487 
 
Statement 15. 17. 19. 21. 25. 26. 27. 
M-W Test Statistic 27001 25164.5 23296 25892.5 25201.5 28504 25553.5 
r -0.119 -0.120 -0.122 -0.144 -0.165 -0.088 -0.157 
Sig. (2-tailed) 0.008 0.008 0.008 0.001 0.000 0.049 0.000 
Male mean rank 268 258 249 270 226 240 228 
Female mean rank 234 225 217 229 273 261 272 
N 500 483 465 498 498 500 499 
Appendix 7M: Significant Mann-Whitney tests of variance in time and frequency questions 
and demographic characteristics between genders after development 
Characteristic 
Cycling 
frequency 
Shopping 
frequency 
Day-time 
visit 
frequency 
Night-
time visit 
frequency 
Time 
spent in 
Acorn 
Road 
M-W Test Statistic 27591.0 27652.5 27340.5 23241.5 26681.5 
r -0.148 -0.107 -0.116 -0.230 -0.141 
Sig. (2-tailed) 0.001 0.016 0.010 0.000 0.002 
Male mean rank 236 236 235 218 232 
Female mean rank 265 265 266 283 269 
N 500 500 500 500 376 
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Appendix 7N: Significant Kruskal-Wallis tests of the variance in attitudes between ethnicities 
after development 
Statement Test Statistic Degrees of 
Freedom  
Significance 
'I would use Acorn Road more if 
there was less traffic' 
11.849 5 .037 
 
Appendix 7O: Significant Kruskal-Wallis tests of the variance in attitudes between 
occupations after development 
Statement Test Statistic Degrees of 
Freedom  
Significance 
'Acorn Road is a noisy street' 29.267 10 .001 
'Acorn Road is a thriving retail 
area' 
28.596 10 .001 
'Cyclists are safe on Acorn Road'  24.470 10 .006 
'Pedestrians and cyclists are 
considerate to each other 
19.410 10 .035 
'I often stop to talk to friends and 
family on Acorn Road' 
27.251 10 .002 
'Antisocial behaviour is a major 
problem on Acorn Road' 
19.451 10 .035 
'I find the traffic fumes unpleasant' 27.954 10 .002 
 
 
Appendix 7P: Significant pairwise comparisons of the variance in attitudes between 
occupations after development 
Statement Occupation1 (mean rank) - 
Occupation2 (mean rank) 
r Adjusted 
Sig. 
'Acorn Road is a noisy street' Student (221) - Retired (300) .186 .002 
'Acorn Road is a noisy street' Professional and Technical (236) - 
Retired (300) 
-.158 .024 
'Acorn Road is a thriving retail 
area' 
Retired (221) - Student (301) .191 .001 
'Acorn Road is a thriving retail 
area' 
Professional and Technical (231) - 
Student (301) 
-.170 .008 
'Pedestrians and cyclists are 
considerate to each other' 
Student (204) - Retired (272) -.164 .017 
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Appendix 7Q: Kruskal-Wallis test of the variance in age between different occupations after 
development 
Test Statistic Degrees of Freedom  Significance 
360.745 10 .000 
 
Appendix 7R: Significant pairwise comparisons of the variance in age between student, 
retired and professional and technical occupations after development 
Occupation1 (mean rank) - Occupation2 (mean rank) r Adjusted Sig. 
Student (63) - Retired (425) -.840 .000 
Student (63) - Professional and Technical (247) .434 .000 
Professional and Technical (247) - Retired (425) -.438 .000 
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Appendix 7S: Acorn Road map after development (Sections 1-6) 
 
 
        
 
 
 
 
Appendix 7T: Acorn Road map after development (Sections 7-13) 
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Appendix 7U: Acorn Road map after development (Sections 13-17) 
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Appendix 7V: Scatter plot to show the association between median crossing angles and IQR's 
between 0 and 90 degrees after development 
      
 
 
Appendix 7W: Scatter plot to show the association between median crossing angles and IQR's 
between 91 and 180 degrees after development 
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Appendix 7X: Bar chart to show the distribution of crossing angles after the development of 
Acorn Road 
 
 
Appendix 7Y: Tests of normality of the distribution of pedestrian crossing angles after 
development  
 
Skewness value Kurtosis value K-S Stat. K-S Sig. S-W Stat. S-W Sig. df 
.128 -1.352 .107 .000 .936 .000 1797 
 
Appendix 7Z: Chi-square test of the distribution of crossing volumes after development 
compared to a hypothetical even distribution 
Before 
Crossings 
Distribution 
Section 1 2 3 4 5 6 7 8 
Observed 
Volume 
334 133 65 71 47 45 143 210 
Expected 
Volume 
219.694 119.334 85.381 88.377 76.394 75.395 124.327 157.780 
Std. 
Residual 
7.712*** 1.251 
-
2.206* -1.848 
-
3.363*** 
-
3.501*** 1.675 4.157*** 
Hypothetical 
Equal 
Crossings 
Distribution 
Section 1 2 3 4 5 6 7 8 
Observed 
Volume 
106 106 106 106 106 106 106 106 
Expected 
Volume 
220.306 119.666 85.619 88.623 76.606 75.605 124.673 158.220 
Std. 
Residual 
-
7.701*** -1.249 2.203* 1.846 3.358*** 3.496*** -1.672 
-
4.151*** 
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Before 
Crossings 
Distribution 
Section 9 10 11 12 13 14 15 16 17 
Observe
d 
Volume 
190 82 66 44 120 43 40 71 93 
Expecte
d 
Volume 
147.79
4 
93.86
9 
85.88
1 74.896 
112.84
3 74.396 72.899 
88.37
7 
99.36
2 
Std. 
Residual 
3.472**
* -1.225 
-
2.145
* 
-
3.570**
* 0.674 
-
3.640**
* 
-
3.853**
* -1.848 -0.638 
Hypothetic
al 
Equal 
Crossings 
Distribution 
Section 9 10 11 12 13 14 15 16 17 
Observe
d 
Volume 
106 106 106 106 106 106 106 106 106 
Expecte
d 
Volume 
148.20
6 
94.13
1 
86.11
9 75.104 
113.15
7 74.604 73.101 
88.62
3 
99.63
8 
Std. 
Residual 
-
3.467**
* 1.223 
2.142
* 
3.565**
* -0.673 
3.635**
* 
3.848**
* 1.846 0.637 
 
* p<0.05 (Std. Residual outside of ±1.96)  
** p<0.01 (Std. Residual outside of ±2.58) 
*** p<0.001 (Std. Residual outside of ±3.29) 
 
Appendix 7AA: Histogram to show the distribution of crossing speeds in Sections 1-4 and 14-
17 after development 
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Appendix 7AB: Histogram to show the distribution of crossing speeds in Sections 5-13 after 
development 
 
Appendix 7AC: Tests of normality of the distribution of pedestrian crossing speeds after 
development 
 
Sections Skewness value Kurtosis value K-S Stat. K-S Sig. S-W Stat. S-W Sig. df 
1-4; 14-17 -.004 .522 .041 .200 .992 .415 222 
5-13 -.288 -.680 .073 .027 .977 .007 155 
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Appendix 8A: Chi-square test of association between Likert scores to the attitudinal 
statements in the before and after surveys 
Statement Chi-Squared Sig. 
30. Acorn Road is a noisy street  .000*** 
31. I feel safe crossing the road .000*** 
32. It is not safe to leave your bicycle .000*** 
33. Whilst chatting to friends in Acorn Road I feel safe .015* 
34. Acorn Road is poorly-suited for disabled people .000*** 
35. Traffic congestion is a major problem .000*** 
36. Drivers are very inconsiderate to pedestrians .000*** 
37. Pedestrian crossings are located conveniently .000*** 
38. Acorn Road is a thriving retail area .087 
39. The footpaths are wide enough for pedestrians .000*** 
40. Cyclists are safe on Acorn Road .000*** 
41. Pedestrians and cyclists are considerate to each other .004** 
42. I’d use Acorn Road more if there was less traffic .000*** 
43. Pedestrians and vehicles are considerate to each other .000*** 
44. Vehicles travel too fast .000*** 
45. Cyclists and vehicles are considerate to each other .001** 
46. I often stop to talk to friends and family on Acorn Road .185 
47. Acorn Road is quiet during the night .289 
48. Antisocial behaviour is a major problem on Acorn Road .079 
49. Acorn Road is an attractive place to visit .000*** 
50. Parked cars make it very difficult to cross Acorn Road .000*** 
51. Acorn Road does not meet my everyday shopping needs .207 
52. I find the traffic fumes unpleasant .000*** 
53. There are not enough parking spaces on Acorn Road .000*** 
54. Acorn Road has a calm atmosphere .000*** 
55. I feel safe walking around Acorn Road .000*** 
56. I trust drivers to slow down when I cross Acorn Road .000*** 
57. Acorn Road is a clean street .000*** 
58. There are not enough green spaces on Acorn Road .007** 
 
* p<0.05 
** p<0.01 
*** p<0.001 
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Appendix 8B: Breakdown of Chi-square tests with at least one highly statistically significant 
standardised residual 
 
2. I feel safe crossing the road 
 
  
Likert Score 
Total 1.00 2.00 3.00 4.00 5.00 6.00 7.00 
After survey Count 187 124 74 59 24 16 16 500 
Expected Count 142.6 110.1 77.6 70.1 40.0 38.5 21.0 500.0 
% within Survey 37.4% 24.8% 14.8% 11.8% 4.8% 3.2% 3.2% 100.0% 
% of combined Likert 65.6% 56.4% 47.7% 42.1% 30.0% 20.8% 38.1% 50.1% 
% of Total 18.7% 12.4% 7.4% 5.9% 2.4% 1.6% 1.6% 50.1% 
Std. Residual 3.7*** 1.3 -.4 -1.3 -2.5* -3.6*** -1.1   
Before survey Count 98 96 81 81 56 61 26 499 
Expected Count 142.4 109.9 77.4 69.9 40.0 38.5 21.0 499.0 
% within Survey 19.6% 19.2% 16.2% 16.2% 11.2% 12.2% 5.2% 100.0% 
% of combined Likert 34.4% 43.6% 52.3% 57.9% 70.0% 79.2% 61.9% 49.9% 
% of Total 9.8% 9.6% 8.1% 8.1% 5.6% 6.1% 2.6% 49.9% 
Std. Residual -3.7*** -1.3 .4 1.3 2.5* 3.6*** 1.1   
Total Count 285 220 155 140 80 77 42 999 
  % of Total 28.5% 22.0% 15.5% 14.0% 8.0% 7.7% 4.2% 100.0% 
           
 
5. Acorn Road is poorly-suited for disabled people 
 
  
Likert Score 
Total 1.00 2.00 3.00 4.00 5.00 6.00 7.00 
After survey Count 27 46 68 84 56 84 100 465 
Expected Count 56.9 66.0 75.6 89.3 53.8 64.5 58.9 465.0 
% within Survey 5.8% 9.9% 14.6% 18.1% 12.0% 18.1% 21.5% 100.0% 
% of combined Likert 24.1% 35.4% 45.6% 47.7% 52.8% 66.1% 86.2% 50.8% 
% of Total 2.9% 5.0% 7.4% 9.2% 6.1% 9.2% 10.9% 50.8% 
Std. Residual -4.0*** -2.5* -.9 -.6 .3 2.4* 5.4***   
Before survey Count 85 84 81 92 50 43 16 451 
Expected Count 55.1 64.0 73.4 86.7 52.2 62.5 57.1 451.0 
% within Survey 18.8% 18.6% 18.0% 20.4% 11.1% 9.5% 3.5% 100.0% 
% of combined Likert 75.9% 64.6% 54.4% 52.3% 47.2% 33.9% 13.8% 49.2% 
% of Total 9.3% 9.2% 8.8% 10.0% 5.5% 4.7% 1.7% 49.2% 
Std. Residual 4.0*** 2.5* .9 .6 -.3 -2.5* -5.4***   
Total Count 112 130 149 176 106 127 116 916 
  % of Total 12.2% 14.2% 16.3% 19.2% 11.6% 13.9% 12.7% 100.0% 
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6. Traffic congestion is a major problem 
 
  
Likert Score 
Total 1.00 2.00 3.00 4.00 5.00 6.00 7.00 
After survey Count 73 64 84 88 66 68 55 498 
Expected Count 147.6 78.1 72.1 67.1 46.0 48.0 39.0 498.0 
% within Survey 14.7% 12.9% 16.9% 17.7% 13.3% 13.7% 11.0% 100.0% 
% of combined Likert 24.7% 41.0% 58.3% 65.7% 71.7% 70.8% 70.5% 50.1% 
% of Total 7.3% 6.4% 8.4% 8.8% 6.6% 6.8% 5.5% 50.1% 
Std. Residual -6.1*** -1.6 1.4 2.6** 2.9** 2.9** 2.6**   
Before survey Count 222 92 60 46 26 28 23 497 
Expected Count 147.4 77.9 71.9 66.9 46.0 48.0 39.0 497.0 
% within Survey 44.7% 18.5% 12.1% 9.3% 5.2% 5.6% 4.6% 100.0% 
% of combined Likert 75.3% 59.0% 41.7% 34.3% 28.3% 29.2% 29.5% 49.9% 
% of Total 22.3% 9.2% 6.0% 4.6% 2.6% 2.8% 2.3% 49.9% 
Std. Residual 6.1*** 1.6 -1.4 -2.6** -2.9** -2.9** -2.6**   
Total Count 296 156 144 134 92 96 78 995 
  % of Total 29.6% 15.7% 14.5% 13.5% 9.2% 9.6% 7.8% 100.0% 
           
8. Pedestrian crossings are located conveniently 
 
  
Likert Score 
Total 1.00 2.00 3.00 4.00 5.00 6.00 7.00 
After survey Count 94 75 59 92 55 57 59 491 
Expected Count 65.4 65.9 51.9 82.4 59.4 74.4 91.4 491.0 
% within Survey 19.1% 15.3% 12.0% 18.7% 11.2% 11.6% 12.0% 100.0% 
% of combined Likert 71.8% 56.8% 56.7% 55.8% 46.2% 38.3% 32.2% 49.9% 
% of Total 9.6% 7.6% 6.0% 9.4% 5.6% 5.8% 6.0% 49.9% 
Std. Residual 3.5*** 1.1 1.0 1.1 -.6 -2.0* -3.4***   
Before survey Count 37 57 45 73 64 92 124 492 
Expected Count 65.6 66.1 52.1 82.6 59.6 74.6 91.6 492.0 
% within Survey 7.5% 11.6% 9.1% 14.8% 13.0% 18.7% 25.2% 100.0% 
% of combined Likert 28.2% 43.2% 43.3% 44.2% 53.8% 61.7% 67.8% 50.1% 
% of Total 3.8% 5.8% 4.6% 7.4% 6.5% 9.4% 12.6% 50.1% 
Std. Residual -3.5*** -1.1 -1.0 -1.1 .6 2.0* 3.4***   
Total Count 131 132 104 165 119 149 183 983 
  % of Total 13.3% 13.4% 10.6% 16.8% 12.1% 15.2% 18.6% 100.0% 
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10. The footpaths are wide enough for pedestrians 
           
  
Likert Score 
Total 1.00 2.00 3.00 4.00 5.00 6.00 7.00 
After survey Count 321 107 25 17 9 6 15 500 
Expected Count 248.0 128.0 47.0 24.5 15.5 19.0 18.0 500.0 
% within Survey 64.2% 21.4% 5.0% 3.4% 1.8% 1.2% 3.0% 100.0% 
% of combined Likert 64.7% 41.8% 26.6% 34.7% 29.0% 15.8% 41.7% 50.0% 
% of Total 32.1% 10.7% 2.5% 1.7% .9% .6% 1.5% 50.0% 
Std. Residual 4.6*** -1.9 -3.2** -1.5 -1.7 -3.0** -.7   
Before survey Count 175 149 69 32 22 32 21 500 
Expected Count 248.0 128.0 47.0 24.5 15.5 19.0 18.0 500.0 
% within Survey 35.0% 29.8% 13.8% 6.4% 4.4% 6.4% 4.2% 100.0% 
% of combined Likert 35.3% 58.2% 73.4% 65.3% 71.0% 84.2% 58.3% 50.0% 
% of Total 17.5% 14.9% 6.9% 3.2% 2.2% 3.2% 2.1% 50.0% 
Std. Residual -4.6*** 1.9 3.2** 1.5 1.7 3.0** .7   
Total Count 496 256 94 49 31 38 36 1000 
   % of Total 49.6% 25.6% 9.4% 4.9% 3.1% 3.8% 3.6% 100.0% 
 
11. Cyclists are safe on Acorn Road 
           
  
Likert Score 
Total 1.00 2.00 3.00 4.00 5.00 6.00 7.00 
After survey Count 92 83 70 88 40 46 36 455 
Expected Count 59.7 68.4 67.4 83.2 62.8 58.2 55.2 455.0 
% within Survey 20.2% 18.2% 15.4% 19.3% 8.8% 10.1% 7.9% 100.0% 
% of combined Likert 78.6% 61.9% 53.0% 54.0% 32.5% 40.4% 33.3% 51.1% 
% of Total 10.3% 9.3% 7.9% 9.9% 4.5% 5.2% 4.0% 51.1% 
Std. Residual 4.2*** 1.8 .3 .5 -2.9** -1.6 -2.6**   
Before survey Count 25 51 62 75 83 68 72 436 
Expected Count 57.3 65.6 64.6 79.8 60.2 55.8 52.8 436.0 
% within Survey 5.7% 11.7% 14.2% 17.2% 19.0% 15.6% 16.5% 100.0% 
% of combined Likert 21.4% 38.1% 47.0% 46.0% 67.5% 59.6% 66.7% 48.9% 
% of Total 2.8% 5.7% 7.0% 8.4% 9.3% 7.6% 8.1% 48.9% 
Std. Residual -4.3*** -1.8 -.3 -.5 2.9** 1.6 2.6**   
Total Count 117 134 132 163 123 114 108 891 
   % of Total 13.1% 15.0% 14.8% 18.3% 13.8% 12.8% 12.1% 100.0% 
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13. I'd use Acorn Road more if there was less traffic 
          
 
  
Likert Score 
Total 1.00 2.00 3.00 4.00 5.00 6.00 7.00 
After survey Count 29 31 37 62 25 72 230 486 
Expected Count 52.6 37.1 42.6 71.6 27.1 65.6 189.4 486.0 
% within Survey 6.0% 6.4% 7.6% 12.8% 5.1% 14.8% 47.3% 100.0% 
% of combined Likert 27.6% 41.9% 43.5% 43.4% 46.3% 55.0% 60.8% 50.1% 
% of Total 3.0% 3.2% 3.8% 6.4% 2.6% 7.4% 23.7% 50.1% 
Std. Residual -3.3*** -1.0 -.9 -1.1 -.4 .8 3.0**   
Before survey Count 76 43 48 81 29 59 148 484 
Expected Count 52.4 36.9 42.4 71.4 26.9 65.4 188.6 484.0 
% within Survey 15.7% 8.9% 9.9% 16.7% 6.0% 12.2% 30.6% 100.0% 
% of combined Likert 72.4% 58.1% 56.5% 56.6% 53.7% 45.0% 39.2% 49.9% 
% of Total 7.8% 4.4% 4.9% 8.4% 3.0% 6.1% 15.3% 49.9% 
Std. Residual 3.3*** 1.0 .9 1.1 .4 -.8 -3.0**   
Total Count 105 74 85 143 54 131 378 970 
   % of Total 10.8% 7.6% 8.8% 14.7% 5.6% 13.5% 39.0% 100.0% 
           
21. Parked cars make it very difficult to cross Acorn Road 
 
  
Likert Score 
Total 1.00 2.00 3.00 4.00 5.00 6.00 7.00 
After survey Count 44 52 66 70 62 92 112 498 
Expected Count 85.4 75.4 70.9 59.4 52.9 78.9 74.9 498.0 
% within Survey 8.8% 10.4% 13.3% 14.1% 12.4% 18.5% 22.5% 100.0% 
% of combined Likert 25.7% 34.4% 46.5% 58.8% 58.5% 58.2% 74.7% 49.9% 
% of Total 4.4% 5.2% 6.6% 7.0% 6.2% 9.2% 11.2% 49.9% 
Std. Residual -4.5*** -2.7** -.6 1.4 1.2 1.5 4.3***   
Before survey Count 127 99 76 49 44 66 38 499 
Expected Count 85.6 75.6 71.1 59.6 53.1 79.1 75.1 499.0 
% within Survey 25.5% 19.8% 15.2% 9.8% 8.8% 13.2% 7.6% 100.0% 
% of combined Likert 74.3% 65.6% 53.5% 41.2% 41.5% 41.8% 25.3% 50.1% 
% of Total 12.7% 9.9% 7.6% 4.9% 4.4% 6.6% 3.8% 50.1% 
Std. Residual 4.5*** 2.7** .6 -1.4 -1.2 -1.5 -4.3***   
Total Count 171 151 142 119 106 158 150 997 
  % of Total 17.2% 15.1% 14.2% 11.9% 10.6% 15.8% 15.0% 100.0% 
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25. Acorn Road has a calm atmosphere 
           
  
Likert Score 
Total 1.00 2.00 3.00 4.00 5.00 6.00 7.00 
After survey Count 124 116 92 76 48 28 14 498 
Expected Count 85.4 99.4 103.4 82.9 57.4 43.0 26.5 498.0 
% within Survey 24.9% 23.3% 18.5% 15.3% 9.6% 5.6% 2.8% 100.0% 
% of combined Likert 72.5% 58.3% 44.4% 45.8% 41.7% 32.6% 26.4% 49.9% 
% of Total 12.4% 11.6% 9.2% 7.6% 4.8% 2.8% 1.4% 49.9% 
Std. Residual 4.2*** 1.7 -1.1 -.8 -1.2 -2.3* -2.4*   
Before survey Count 47 83 115 90 67 58 39 499 
Expected Count 85.6 99.6 103.6 83.1 57.6 43.0 26.5 499.0 
% within Survey 9.4% 16.6% 23.0% 18.0% 13.4% 11.6% 7.8% 100.0% 
% of combined Likert 27.5% 41.7% 55.6% 54.2% 58.3% 67.4% 73.6% 50.1% 
% of Total 4.7% 8.3% 11.5% 9.0% 6.7% 5.8% 3.9% 50.1% 
Std. Residual -4.2*** -1.7 1.1 .8 1.2 2.3* 2.4*   
Total Count 171 199 207 166 115 86 53 997 
  % of Total 17.2% 20.0% 20.8% 16.6% 11.5% 8.6% 5.3% 100.0% 
 
 
28. Acorn Road is a clean street 
          
 
  
Likert Score 
Total 1.00 2.00 3.00 4.00 5.00 6.00 7.00 
After survey Count 186 156 75 47 15 8 13 500 
Expected Count 126.0 132.0 104.0 70.0 31.5 22.0 14.5 500.0 
% within Survey 37.2% 31.2% 15.0% 9.4% 3.0% 1.6% 2.6% 100.0% 
% of combined Likert 73.8% 59.1% 36.1% 33.6% 23.8% 18.2% 44.8% 50.0% 
% of Total 18.6% 15.6% 7.5% 4.7% 1.5% .8% 1.3% 50.0% 
Std. Residual 5.3*** 2.1* -2.8** -2.7** -2.9** -3.0** -.4   
Before survey Count 66 108 133 93 48 36 16 500 
Expected Count 126.0 132.0 104.0 70.0 31.5 22.0 14.5 500.0 
% within Survey 13.2% 21.6% 26.6% 18.6% 9.6% 7.2% 3.2% 100.0% 
% of combined Likert 26.2% 40.9% 63.9% 66.4% 76.2% 81.8% 55.2% 50.0% 
% of Total 6.6% 10.8% 13.3% 9.3% 4.8% 3.6% 1.6% 50.0% 
Std. Residual -5.3*** -2.1* 2.8** 2.7** 2.9** 3.0** .4   
Total Count  252 264 208 140 63 44 29 1000 
  % of Total 25.2% 26.4% 20.8% 14.0% 6.3% 4.4% 2.9% 100.0% 
 
* p<0.05 (Std. Residual outside of ±1.96)  
** p<0.01 (Std. Residual outside of ±2.58) 
*** p<0.001 (Std. Residual outside of ±3.29) 
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Appendix 8C: Chi-square test of the distribution of crossing volumes before compared to after 
development 
Before 
Crossings 
Distribution 
Section 1 2 3 4 5 6 7 8 
Observed 
Volume 
187 36 25 92 44 17 26 38 
Expected 
Volume 
168.04 48.89 27.53 60.76 32.28 18.99 46.52 67.88 
Std. 
Residual 
1.46 -1.84 -0.48 4.01*** 2.06* -0.45 -3.01** -3.63*** 
After 
Crossings 
Distribution 
Section 1 2 3 4 5 6 7 8 
Observed 
Volume 
167 67 33 36 24 23 72 105 
Expected 
Volume 
185.96 54.11 30.47 67.24 35.72 21.01 51.48 75.12 
Std. 
Residual 
-1.39 1.75 0.46 -3.81*** -1.96* 0.44 2.86** 3.45*** 
 
Before 
Crossings 
Distribution 
Section 9 10 11 12 13 14 15 16 17 
Observed 
Volume 
24 24 14 11 61 31 60 42 84 
Expected 
Volume 
56.489 30.86 22.31 15.66 57.44 25.16 37.98 37.03 62.19 
Std. 
Residual 
-4.32*** -1.23 -1.76 -1.18 0.47 1.17 3.57*** 0.82 2.77** 
After 
Crossings 
Distribution 
Section 9 10 11 12 13 14 15 16 17 
Observed 
Volume 
95 41 33 22 60 22 20 36 47 
Expected 
Volume 
62.51 34.14 24.69 17.34 63.56 27.84 42.02 40.97 68.82 
Std. 
Residual 
4.11*** 1.17 1.67 1.12 -0.45 -1.11 -3.40*** -0.78 -2.63** 
 
* p<0.05 (Std. Residual outside of ±1.96)  
** p<0.01 (Std. Residual outside of ±2.58) 
*** p<0.001 (Std. Residual outside of ±3.29 
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Appendix 8D: Bar chart to show the distribution of crossing angles in Sections 1 - 17 before 
the development of Acorn Road 
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Appendix 8E: Bar chart to show the distribution of crossing angles in Sections 1 - 17 after the 
development of Acorn Road 
 
 
0 
5 
10 
15 
20 
25 
30 
Fr
e
q
u
e
n
cy
 
Angle 
Section 16 
n=83 
0 
5 
10 
15 
20 
25 
30 
35 
Fr
e
q
u
e
n
cy
 
Angle 
Section 17 
n=168 
0 
10 
20 
30 
40 
50 
60 
70 
Fr
e
q
u
e
n
cy
 
Angle 
Section 1 
n=334 
 311 
 
 
 
 
0 
5 
10 
15 
20 
25 
30 
Fr
e
q
u
e
n
cy
 
Angle 
Section 2 
n=133 
0 
1 
2 
3 
4 
5 
6 
7 
8 
Fr
e
q
u
e
n
cy
 
Angle 
Section 3 
n=65 
0 
5 
10 
15 
20 
Fr
e
q
u
e
n
cy
 
Angle 
Section 4 
n=71 
 312 
 
 
 
 
0 
2 
4 
6 
8 
10 
Fr
e
q
u
e
n
cy
 
Angle 
Section 5 
n=47 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Fr
e
q
u
e
n
cy
 
Angle 
Section 6 
n=46 
0 
5 
10 
15 
20 
25 
Fr
e
q
u
e
n
cy
 
Angle 
Section 7 
n=143 
 313 
 
 
 
 
0 
5 
10 
15 
20 
25 
30 
35 
Fr
e
q
u
e
n
cy
 
Angle 
Section 8 
n=210 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
Fr
e
q
u
e
n
cy
 
Angle 
Section 9 
n=190 
0 
2 
4 
6 
8 
10 
12 
Fr
e
q
u
e
n
cy
 
Angle 
Section 10 
n=82 
 314 
 
 
 
 
0 
2 
4 
6 
8 
10 
12 
14 
Fr
e
q
u
e
n
cy
 
Angle 
Section 11 
n=66 
0 
2 
4 
6 
8 
10 
Fr
e
q
u
e
n
cy
 
Angle 
Section 12 
n=44 
0 
5 
10 
15 
20 
25 
30 
35 
Fr
e
q
u
e
n
cy
 
Angle 
Section 13 
n=120 
 315 
 
 
 
 
0 
2 
4 
6 
8 
10 
12 
Fr
e
q
u
e
n
cy
 
Angle 
Section 14 
n=43 
0 
1 
2 
3 
4 
5 
6 
Fr
e
q
u
e
n
cy
 
Angle 
Section 15 
n=40 
0 
2 
4 
6 
8 
10 
12 
14 
16 
Fr
e
q
u
e
n
cy
 
Angle 
Section 16 
n=71 
 316 
 
 
 
Appendix 8F: Tests of normality of the distribution of pedestrian crossing angles in each 
section of Acorn Road before development 
 
Section Skewness value Kurtosis value K-S Stat. K-S Sig. S-W Stat. S-W Sig. df 
1 0.287 -1.147 0.133 0.000 0.943 0.000 374 
2 0.156 -1.325 0.148 0.001 0.930 0.001 72 
3 -0.257 -1.304 0.168 0.001 0.923 0.003 49 
4 -0.641 -1.249 0.213 0.000 0.809 0.000 183 
5 0.505 -1.425 0.172 0.000 0.834 0.000 87 
6 -0.182 -1.341 0.160 0.032 0.924 0.024 33 
7 -0.426 -0.946 0.126 0.000 0.936 0.000 102 
8 -0.116 -1.720 0.185 0.000 0.843 0.000 151 
9 0.477 -1.455 0.215 0.000 0.847 0.000 94 
10 0.506 -0.959 0.123 0.001 0.908 0.000 97 
11 -0.200 -0.978 0.131 0.016 0.943 0.009 57 
12 -0.401 -0.311 0.169 0.004 0.931 0.014 42 
13 0.860 -0.632 0.269 0.000 0.849 0.000 122 
14 0.178 -1.607 0.184 0.000 0.861 0.000 62 
15 -0.004 -1.381 0.146 0.000 0.931 0.000 120 
16 1.084 1.693 0.190 0.000 0.910 0.000 83 
17 -0.194 0.555 0.054 0.200 0.984 0.052 168 
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Appendix 8G: Tests of normality of the distribution of pedestrian crossing angles in each 
section of Acorn Road after development 
 
Section Skewness value Kurtosis value K-S Stat. K-S Sig. S-W Stat. S-W Sig. df 
1 0.138 -1.246 0.138 0.000 0.930 0.000 334 
2 0.184 -1.254 0.169 0.000 0.939 0.000 133 
3 -0.457 -1.134 0.159 0.000 0.916 0.000 65 
4 -0.641 -1.184 0.184 0.000 0.848 0.000 71 
5 0.092 -1.737 0.218 0.000 0.854 0.000 47 
6 -0.140 -1.410 0.172 0.002 0.919 0.004 45 
7 -0.071 -1.752 0.193 0.000 0.844 0.000 143 
8 -0.210 -1.638 0.163 0.000 0.863 0.000 210 
9 0.310 -1.666 0.226 0.000 0.828 0.000 190 
10 0.269 -1.591 0.168 0.000 0.865 0.000 82 
11 0.593 -1.139 0.230 0.000 0.871 0.000 66 
12 0.523 -1.079 0.195 0.000 0.903 0.001 44 
13 0.672 -1.290 0.299 0.000 0.799 0.000 120 
14 0.270 -1.733 0.255 0.000 0.816 0.000 43 
15 -0.164 -1.633 0.167 0.007 0.885 0.001 40 
16 -0.043 -1.510 0.188 0.000 0.903 0.000 71 
17 0.689 0.577 0.122 0.002 0.952 0.002 93 
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Appendix 8H: Mann-Whitney test of variance in crossing angles between 0° and 90° and 91° 
and 180° in each section of Acorn Road before and after development  
Section; 
Angle Group 
Before N After N Before Mean 
Rank 
After Mean 
Rank 
r Test 
Stat. 
Sig. 
1; 0-90° 221 189 199 213 -.058 19741.0 .237 
1; 91-180° 153 145 153 146 -.043 10537.0 .455 
2; 0-90° 41 78 63 58 -.069 1464.0 .450 
2; 91-180° 31 55 41 45 -.089 760.0 .405 
3; 0-90° 21 23 25 20 -.185 189.5 .221 
3; 91-180° 28 42 33 37 -.096 520.5 .418 
4; 0-90° 61 23 43 42 -.024 680.0 .829 
4; 91-180° 122 48 92 69 -.205 2156.5 .008** 
5; 0-90° 56 26 48 28 -.386 378.0 .000*** 
5; 91-180° 31 21 23 32 -.290 213.5 .036* 
6; 0-90° 15 23 18 20 -.075 157.0 .643 
6; 91-180° 18 22 18 22 -.159 161.0 .314 
7; 0-90° 35 69 73 42 -.479 497.0 .000*** 
7; 91-180° 67 74 46 94 -.583 802.0 .000*** 
8; 0-90° 71 90 81 81 -.009 3161.5 .909 
8; 91-180° 80 120 97 103 -.053 4498.5 .452 
9; 0-90° 59 107 108 70 -.378 1714.5 .000*** 
9; 91-180° 35 83 48 64 -.219 1048.0 .017* 
10; 0-90° 62 47 62 45 -.267 1001.0 .005** 
10; 91-180° 35 35 30 41 -.279 414.0 .020* 
11; 0-90° 28 43 44 31 -.297 389.5 .012* 
11; 91-180° 29 23 22 33 -.363 191.5 .009** 
12; 0-90° 19 29 33 19 -.502 110.5 .000*** 
12; 91-180° 23 15 16 24 -.351 100.0 .030* 
13; 0-90° 90 80 83 88 -.053 3379.0 .490 
13; 91-180° 32 40 29 42 -.306 411.0 .009** 
14; 0-90° 36 25 32 30 -.038 429.5 .764 
14; 91-180° 26 18 24 20 -.167 187.5 .266 
15; 0-90° 55 18 41 25 -.323 280.5 .006** 
15; 91-180° 65 22 39 59 -.350 380.5 .001** 
16; 0-90° 65 33 59 32 -.451 479.0 .000*** 
16; 91-180° 18 38 25 30 -.151 277.5 .257 
17; 0-90° 90 56 78 66 -.141 2097.0 .088 
17; 91-180° 78 37 53 69 -.230 1031.5 .014* 
 
* p<0.05 
** p<0.01 
*** p<0.001 
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Appendix 8I: Histogram to show the distribution of pedestrian crossing speed before the 
development of Acorn Road 
  
Appendix 8J: Histogram to show the distribution of pedestrian crossing speed after the 
development of Acorn Road 
 
 
Appendix 8K: Tests of normality of the distribution of pedestrian crossing speed before and 
after the development of Acorn Road 
 
Sample Skewness value Kurtosis value K-S Stat. K-S Sig. S-W Stat. S-W Sig. df 
Before -.066 1.750 .043 .083 .982 .000 377 
After .235 .284 .036 .200 .995 .344 360 
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Appendix 8L: Chi-square test of the distribution of vehicle speeds before and after 
development  
Before 
Vehicle 
Speed 
Speed Bin 
<6mph 
6-
<11mph 
11-
<16mph 
16-
<21mph 
21-
<26mph 
26-
<31mph 
31-
<36mph 
36-
<51mph 
Observed 
Volume 
1527 5275 7261 4661 2186 589 104 16 
Expected 
Volume 
1592 5879 8176 4028 1509 360 63 12 
Std. 
Residual 
-1.627 -7.876*** -10.123*** 9.9778*** 17.432*** 12.039*** 5.163*** 1.230 
After 
Vehicle 
Speed  
Speed Bin <6mph 6-
<11mph 
11-
<16mph 
16-
<21mph 
21-
<26mph 
26-
<31mph 
31-
<36mph 
36-
<51mph 
Observed 
Count 
1176 4707 6622 2178 376 23 3 4 
Expected 
Count 
1111 4103 5707 2811 1053 252 44 8 
Std. 
Residual 
1.948 9.427*** 12.117*** -11.943*** -20.865*** -14.411*** -6.180*** -1.472 
 
* p<0.05 (Std. Residual outside of ±1.96)  
** p<0.01 (Std. Residual outside of ±2.58) 
*** p<0.001 (Std. Residual outside of ±3.29)
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